


P l a t e  1 

Co lo r  i n f r a r e d  ( C I R )  photograph o f  t h e  Impe r i a l  v a l j e y  w i t h  f i e l d  

p a t t e r n  map o v e r p r i n t .  The pho to  was taken f rom the Apol l o  9 e a r t h  o r b ;  t i n g  

s a t e l l i t e  on March 12, 1969 f rom an a l t i t u d e  o f  1 5 0 t  m i l e s  (241.5 l tn-1.  

(Taken w i t h  a  Hasse lb lad  camera w i t h  80 mm f o c a l  l e n g t h  lens u s i n g  a W r a t t e ~  

15 f i l t e r ) .  The p r i n t  i s  a  12 t imes enlargement from the  o r i g i n a l .  The 

prob lem o f  r e c t i f y i n g  an o r t h o g r a p h i c  pho to  t o  a  po lycon i c  map projection 

can be seen by the  o u t - o f - r e g i s t e r  a rea  i n  t he  upper r i g h t  co rne r .  The 

A p o l l o  9 C I R  pho to  was used t o  t e s t  the  a g r i c u l t u r a l  l and  use i n t e r p r e t a -  

t i o n  and a n a l y s i s  system descr ibed  i n  t h i s  paper .  
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ABSTRACT 

I n t e r p r e t a t i o n  r e s u l t s  o f  t h e  smal 1 s c a l e  C I R  photography o f  t he  Impel-- 

i a l  V a l l e y  ( C a l i f o r n i a )  taken on March 12, 1969 by the  A p o l l o  9 e a r t h  o r b i t ~ n g  

s a t e l l i t e  have shown t h a t  w o r l d  w ide  a g r i c u l t u r a l  l and  use mapping can be ae -  

compl ished f rom s a t e l l i t e  C I R  imagery i f  s u f f i c i e n t  - a  p r i o r i  i n f o r m a t i c n  i s  

a v a i l a b l e  f o r  the r eg ion  be ing  mapped. C o r r e l a t i o n  o f  r e s u l t s  w i t h  ac tua :  

da ta  i s  encourag ing a l though  t h e  accuracy o f  i d e n t i f i c a t i o n  o f  s p e c i f i c  crops  

f rom t h e  s i n g l e  image i s  poor .  The poor r e s u l t s  can be p a r t l y  attributed t o  

o n l y  one image taken d u r i n g  mid-season when the  t h r e e  major crops were reflect- 

i ng  approx imate ly  t he  same and t h e i r  C I R  image appears t o  i n d i c a t e  t h e  same 

crop type. However, some i n c a p a c i t y  can be a t t r i b u t e d  t o  l a c k  o f  undeps:and- 

i n g  o f  the  s u b t l e  v a r i a t i o n s  o f  v i s u a l  and i n f r a r e d  c o l o r  r e f l e c t a n c e  o f  \leg- 

e t a t i o n  and sur round ing  environment.  A n a l y s i s  o f  i n t e g r a t e d  c o l o r  v a r i a t i o n s  

o f  t he  v e g e t a t i o n  and background env i  ronment recorded on C I  R imagery is  d i s -  

cussed. 

Problems assoc ia ted  w i  t h  t he  c o l o r  v a r i a t i o n s  may be overcome by deve l -  

opment o f  a  semi-automat ic p rocess ing  system which cons iders  i n d i v i d u a l  f i e l d  

uni t s  o r  c e l  I s .  Deisgn c r i t e r i a  f o r  semi-automat ic p rocess ing  system a r e  o u t -  

I ined. 



Sect ion  1 

I n t r o d u c t i o n  

Stud ies us ing  c o l o r  i n f r a r e d  ( C I R )  photography o f  the Imper ia l  Valley 

(Gal i f o r n i a )  a t  severa l  d i f f e r e n t  sca les  and ground r e s o l u t i o n s  have p ro -  

duced t h ree  e q u a l l y  impor tan t  conc lus ions on the development o f  a g r i c u l t u r a l  

1 and use photo i n t e r p r e t a t i o n  systems. The r e s u l t s  a re  summarized as  fo l  lows 

1 .  D e f i n i t i v e  a g r i c u l t u r a l  l and  use mapping o f  a  very  l a r g e  reg ion  can 

be accomplished f rom i n t e r p r e t a t i o n  o f  smal l  s c a l e  C I  R sate1 1 i t e  photography- 

Ana lys is  u t i l i z i n g  t he  u n i t  record  system descr ibed  below has shown a capa- 

+ 
b i  1 i t y  t o  d e f i n e  and c l a s s i f y ,  a  u n i t  as smal l  as 10 acres ( 4  hec ta res ) .  Re- 

s u l t s  show t h a t  the  accuracy o f  i n t e r p r e t a t i o n  based upon crop C I R  c o l o r  s l g -  

na tu re  from smal l  s ca le  imagery i s  dependent upon a v a i l a b i l  i t y  o f  5 p r i o r i  

i n f o r m a t i o n  o f  t h e  reg ion,  d e t e c t i o n  o f  o t h e r  i d e n t i f i c a t i o n  f a c t o r s  on t h e  

image, and t he  c a r e f u l  s e l e c t i o n  o f  dates o f  sequent ia l  C I  R imagery. 

2. The a b i l i t y  t o  i d e n t i f y  a g r i c u l t u r a l  crops on smal l  s ca le  imagery 

can be a t t r i b u t e d ,  i n  p a r t ,  t o  p r e d i c t a b l e  c o l o r  v a r i a t i o n s  occu r i ng  among 

crop types. These v a r i a t i o n s ,  however, a re  a l s o  seasonal l y  r e l a t e d  whi e h  i n -  

t roduces another s e t  o f  v a r i a b l e s  t h a t  makes c o l o r  s i gna tu res  i n c o n s i s t e n t .  

Th is  creates i d e n t i f i c a t i o n  problems when c o l o r  comparisons a re  be ing  made 

between known and unknown examples o f  the same c rop  on the  same image. Cons i d- 

e r a b l e  ana l ys i s ,  i s  s t i  l l req" i  r ed  be fo re  au tomat ic  equipment can be  prograrnmd 

t o  de tec t  the s u b t l e  v a r i a t i o n s  occu r i ng  w i t h i n  t he  same crop type.  

Addi t i a n a l  v a r i a t i o n s  i n  c rop  c o l o r  a r e  c rea ted  by t echn i ca l  problems of 

f i l m  q u a l i t y  c o n t r o l ,  v a r i a b i l i t i e s  a t  t ime o f  exposure, s to rage  h i s t o r y  o f  t h e  

f i l m  be fo re  process ing,  and the p rocess ing  i t s e l f .  These l a t t e r  v a r i a t i o n s  

cause d i f f e rences  t o  appear between f i l m s  o f  d i f f e r e n t  c o a t i n g  batches r a t h e r  

than on images con ta ined  w i t h i n  the  same f i l m  r o l l .  



3* A m t h o d  f a r  ovsrcomlng problems betng cncountersd due to  va r ia t fona  

+"he crop Bmags c a l o r  Is t a  deslgn sem~=automat ic  processing systams t o  

c s : :  3 h e  d'dea rscoii-ded on the Image, and t o  amplay p rev iaus l y  a ~ q u i  red data. 

I h e  system designed I n  t h i s  study requl res tha t  each f l e l d  uni t o r  ce l  1 on the 

image be examined l nd iv  i dua l  l y  t o  determine c o l o r  record, l o c a t i o n ,  and any 

d d e a  prsssnt.  Refer ra l  1s then made by the computer t o  p r@v ious l y  s ta red 

,1 la  0f  t h a t  f lea$ and reg ion  to a s s i s t  tn f l na t  I d e n t i f i c a t i o n ,  I t  should be 

-, red t h a t  e f f l c t e n t  p r e ~ e s s l n g  o f  sequent ia l  photography w ; l t i  r@qu i ra  a system 

- n l i d i v i d u a l  u n l t  sr cal l  cermparlsan I f  a g r i c u l t u r e  1s t o  bs analyzed, hain- 

n i n g  f i e l d  u n i t  records enhances the a b i l i t y  t o  per form spec ia l  fegtonsl  

- icul  tura's a n a l y s i s  and d i s t r i b u t i o n  s tud ies  as we1 l as t o  simp1 i fy  prepara- 

tii2n of :'egional a g r i c u l t u r a l  land use maps o r  summaries. (Table 6 V ,  Appendix D) 

A 

Tha study emphasizes the design and development o f  a computer o r i e n t e d  

a e i  ~ e u ~ t w r a l  land use mapping system. However, the r o l e  tha t  the crop c o l o r  

o n u  tons v a r i a t i o n s  p lay ,  especia l  l y  on smal l  scale C I R  imagery, requ i res  con- 

s d s r eb l e  analyst  s be made of  the many v a r i a t i o n s  t h a t  occur when redording 

agricultural crops on C I R  f i l m ,  O f  necess i ty  the? ana lys is  o f  crop c o l o r  var- 

tat ions will precede the d e s c r i p t i o n  o f  the design and development o f  an a g r i -  

c u l t u r a l  l a n d  use mapping system. Tes t ing  o f  the  system w i t h  the small sca le  

Apolls 9 C I R  Imagery o f  the Imper ia l  Val ley concludes the repor t ,  

8, 

Ss\eet !on o f  the  study area was predetermined by: ( 1 )  a v a i l a b l e  imagery; 

(21 ehc k l g h  p ~ o b a b t  1 l t y  of  e b t e l n l n g  f u t u r e  sate1 1 i t e  imagery; ( 3 )  a need f o r  



an area w i t h  cons ide rab le  d i v e r s i f i c a t i o n  o f  a g r i c u l t u r a l  c rop types; and 

(4)  a c c e s s i b i l i t y  o f  t h e  area t o  the i n v e s t i g a t o r s  t o  enable  f requen t  ground 

and/or f i e l d  surveys t o  v e r i f y  and/or c o r r e c t  r e s u l t s  be ing  ob ta ined .  

Two areas met t he  e s t a b l i s h e d  requirements:  ( 1 )  The Coachel l a  V a l  ley 

cen te red  around Ind i o ,  Cal i f o r n i a ,  and ( 2 )  t he  lmpe r i a l  Va 1 l e y  between the 

Sa l ton  Sea and t h e  Ca l i f o rn i a -Mex i can  border .  The f i r s t  i s  dominated by t r e e  

crops ( c i t r u s  and da tes )  and grapes. A rev iew o f  t he  annual c rop  r e p o r t s  cf 

the lmpe r i a l  V a l l e y  i r r i g a t i o n  D i s t r i c t  shows t h a t  t h e r e  a re  48 d i f f e r e n t  

types o f  crops no rma l l y  grown i n  t h e  lmpe r i a l  V a l l e y .  O f  these 48 crop types 

+ 
lherc  a re  34 which a re  r epo r t ed  as hav ing  more than 100 acres (40 hec ta~res )  

u n d e r  c u l t i v a t i o n  annua l l y  and o f  these l a t t e r  34 c rop  types t h e r e  a re  18 crops 

which may be cons idered as the major crops s i n c e  they a re  r epo r t ed  as hav ing  

more than 1000 acres (404.7 hec ta res )  under c u l t i v a t i o n  annua l l y .  I n  a d d i t i o n ,  

the Imper ia l  Va l l ey  con ta i ns  more than 100 c a t t l e  feed l o t s  and suppor ts  m a s t  

o f  Southern C a l i f o r n i a ' s  p roduc t i on  o f  beef  c a t t l e .  O f  t h e  two, the  I m p e r i a l  

V a l l e y  was se lec ted  as the  area o f  s tudy because t h e  c l o s e r  Coachel la  V a l l e y ,  

w i  t h  i t s  more permanent c rop  types,  had a1 ready been mapped, one o f  t h e  e x p e r i -  

mental goa ls  o f  the  p r o j e c t ,  b u t  complete mapping o f  t he  lmpe r i a l  V a l l e y  was not  

as y e t  accomplished. A d e s c r i p t i o n  o f  the geography and t h e  c l i m a t e  o f  t he  In- 

p e r i a l  V a l l e y  may be found i n  Appendix A. 



Sec t i on  I I 

Date Source and Techn ica l  Eva lua t i on  

Tab le  I o u t l i n e s  t he  source o f  imagery used t o  conduct t h i s  s tudy.  

High and medium sca le  photography was ob ta i ned  by t he  NASA M iss i on  73 

f l i g h t s  conducted ove r  t he  Southern C a l i f o r n i a  Tes t  S i t e  130. The smal l  s c a l e  

s a t e l l  i t e  imagery was ob ta i ned  by t he  Apol l o  9 e a r t h  o r b i t i n g  sate1 1 i t e .  

A. Image Reso lu t i on  

P repa ra t i on  o f  the base map was made p r i m a r i l y  f rom the June 11, 

1968 imagery w i t h  a nominal ground r e s o l u t i o n  o f  1.3 f e e t  (40 cm) a t  a  s c a l e  

o f  1:16,000. Whi le  t h i s  s c a l e  on t h e  9 inch  (23 cm) format  proved t o  be a  

workable image f o r  hand mapping, t h e  1:4,000 sca le  image taken by t he  NASA 

m iss i on  73 f l i g h t  on May 21, 1968 was t o o  l a r g e  t o  map e f f i c i e n t l y  a t  t h e  

1:62,500 sca le .  The Ta t t e r  imagery was a l s o  t o o  l a r g e  t o  p r o v i d e  usefu l  

comparison between c rop  types because q u i t e  o f t e n  o n l y  a  p o r t i o n  o f  a s i n g l e  

f i e l d  c rop  appeared on t h e  9 inch  format.  Each frame a t  t h e  l a t t e r  s c a l e  

covered l i t t l e  more than a  q u a r t e r  s e c t i o n  (160 acres,  64  hec ta res )  and 

exper ience has shown v i s u a l  i n t e r p r e t a t i o n  can bes t  be accomplished w i t h  

a t  l e a s t  ten d i f f e r e n t  f i e l d s  w i t h  severa l  c rop types appear ing i n  t h e  same 

exposure. The f i n e  r e s o l u t i o n  ( o f t e n  as d e t a i  l e d  as 4 inches o r  10 cm) 

does pe rm i t  c l ose  i n s p e c t i o n  o f  t he  c u l t u r a l  f ea tu res  and farm management 

p r a c t i c e s ,  and p rov ides  c o n f i r m a t i o n  o f  d e t a i l s  t h a t  a re  n o t  as obv ious on 

sma l l e r  s c a l e  imagery, bu t  i t  p rov i ded  scan ty  r e a d a b i l i t y  o f  c rop  c o l o r  tones. 

The inadequate r e a d a b i l i t y  was caused by sepa ra t i on  o f  t h e  s i g n a t u r e  i npu t s  

( v e g e t a t i o n  and v i s i b l e  s o i l )  t h a t  combine t o  make t h e  normal c rop  c o l o r  seen 

~n medium and smal l  s c a l e  imagery. 



a2 m m m  m 
0 0 0 0  0 
(13 o o c o 0 0  00 

a, 
E l n E  

Z E ? Z E l n E  
I L n U I L n m m L n  
I - M O L I - m r n z r n  

a, cn a, 
a, - a, 

Y N O Y  
Z h - 0  - I 



8. Image Q u a l i t y  

Technical eva lua t i on  o f  the C I R  f i l m  used i n  the 1968 missions has 

been discussed by Bowden i n  "Mission 73 Summary and Data Catalog", Techni- 

c a l  L e t t e r  NASA 132. I t  i s  noted again t h a t  the recommended W80B f i l t e r  was 

used i n  combination w i t h  the W15 f i l t e r  on c e r t a i n  f l i g h t s  t o  equa l ize  the 

yellow and magenta dye layers  i n  the  f i l m  i n  o rder  t o  prevent predominance 

o f  cyan i n  the image. (pease, Bowden, 1969). The May 13 imagery was over-  

expesed. From t h i s  and o the r  experiments i t  has been found t h a t  a s h u t t e r  

s e t t i n g  o f  f - 8  a t  a speed o f  1/250tR o f  a second i s  a s u i t a b l e  s e t t i n g  f o r  

8443 f i l m  using 15 + 80B f i l t e r s  under normal l i g h t i n g  cond i t ions  (h igh  sun 

a n g l e )  i n  deser t  envi ronment o f  Southern Cal i f o r n i a ,  Compensation should 

be made f o r  abnormal cond i t ions  such as low sun angle o r  l a rge  expanses o f  

w h i t e  sand, C I R  photography made w i t h  35 mm handheld cameras a t  10 and 20 

ta.soinsand f e e t  have a lso  y ie lded  valuable in format ion.  These are near ob- 

l is :es w i  t h  reso lu t i on  s u f f i c i e n t  t o  perform most types o f  a g r i c u l t u r a l  

l a n d  us* s tud ies ,  The smal 1 expense o f  both f i l m  and p l a t f o r m  fo r  35 mm 

fBig17ts i s  a s i g n i f i c a n t  cons idera t ion  when p lann ing  repeated a e r i a l  surveys 

for studies needing time-lapsed imegery. 

The Apo l lo  9 imagery, taken w i t h  on l y  a w 15 f i l t e r ,  was found t o  

be a t yp i ca l  C I R  f i l m  on p o s t f l i g h t  inspect ion.  The magenta dye-forming 

l a y e r  had a lower than usual gamma which w i t h  the  EA-4 processing performed 

by  the Manned Spacecraft Center, was lower i n  s e n s i t i v i t y  than the cyan 

l aye r  a t  dens i t i es  below 0.8. For tunate ly ,  f o r  crop ta rge ts ,  t h i s  equal ized 

l aye r  s e n s i t i v i t i e s  w i t h  on ly  the Wratten 15 f i l t e r .  This negated the cyan 



c o l o r  ba lance t h a t  f r e q u e n t l y  ensues f rom a i r ruminance which f rom h i g h  a l -  

t i  tudes des t roys  the  red  o f  many vege ta t i on  t a r g e t s .  F i gu re  1 g raph i ca l  l y  

i n d i c a t e s  the d i f f e r e n c e  between the  sens i tomet ry  o f  the  Apol l o  9 ( S O  - 188) 

f i l m  and normal type 8443 C I R  f i l m ,  processed i n  b o t h  t h e  recommended Kodak 

E - 3  chemicals and t he  EA-4 used. (pease 1969). T h i s  i s  b u t  one example 

o f  t he  problems produced by t h e  severa l  v a r i a b l e s  which e x i s t  w i t h  the use 

c f  C I R  imagery. 

I f  i n t e r p r e t a t i o n  systems a r e  t o  depend on c o l o r  as a  crop signature, 

more s t r i n g e n t  q u a l i t y  c o n t r o l  must be i n s t i t u t e d  i n  a l l  steps o f  the system 

t o  reduce t he  va r i ab les .  The c u r r e n t  i n c l u s i o n  by MSC o f  a  s tep  wedge o r  

" f r i s k e t "  p r i o r  t o  and a f t e r  each s e r i e s  o f  exposures i s  h e l p f u l  i r r  noting 

v a r i a t i o n s  i n  f i l m ,  exposure, and process ing.  Th i s  i s  impor tan t  s i nce  sev- 

e r a l  days may e lapse  between exposure and process ing.  I d e a l l y  a s t a n d a r d  

ground t a r g e t  shou ld  a l s o  be exposed a t  the  s t a r t  o f  each s e r i e s ,  b u t  t h i s  

becomes i m p r a c t i c a l  f o r  sate1 1 i t e  photographs. I n  the absence o f  such a 

ground t a r g e t ,  an avai  l a b l e  re fe rence  may be a  b l ack - t op  su r f ace  such as a 

highway o r  p a r k i n g  l o t  which i s  e s s e n t i a l l y  n e u t r a l  o r  a s o i l  sur face o f  

known r e f l e c t a n c e  may a l s o  be used as a  n e u t r a l  t a r g e t .  
1 

' ~ u r t h e r  d iscuss ion  may be found i n  Egan, 1969. 



1 2 

bog Exposure 

F i ~ u r - e  1 .  Sens i tometry  o f  the SO-180 c o l o r  i n f r a r e d  f i l m  used i n  the  A p o l l o  

3 ~ i s s i o n  w i t h  E A - 4  p rocess ing  compared t o  normal type 8443 C I  R f i l m  w i t h  

recommended E - 3  p rocess ing .  I t  i s  t o  be no ted  t h a t  the  magenta l a y e r  o f  t he  

50- 180 has a lower gamma than normal ( l e s s  s l ope  t o  curve) and thus becomes 

l e s s  s e n s i t i v e  than t he  i n f r a r e d  s e n s i t i v e  cyan l a y e r  a t  a  d e n s i t y  o f  0 .8  

(point A ) .  W i th  the  two l a y e r  s e n s i t i v i t i e s  c l ose  t o  equal a t  d e n s i t i ~ s  be- 

lo\d 1.0 ,  t h e r e  was 1 i t t l e  s h i f t  t o  a  cyan c o l o r  ba lance due t o  a i r  luminance 

f ~ r -  low d e n s i t y  vege ta t i on  t a r g e t s .  Most crops,  t h e r e f o r e ,  recorded w i t h  a  

good red record.  Dark v e g e t a t i o n  t a r g e t s ,  such as c o n i f e r  f o r e s t  on ad jacen t  

i io: intains, w i t h  d e n s i t i e s  c l ose  t o  2.0 recorded as b l u e .  S e n s i t i v i t y  o f  the 

yepiow l a y e r  cou ld  a l s o  have been brought  t o  p o i n t  A w i t h  a  CC30M campensa- 

tion f i l t e r .  

The SO- 180 curves based upon sens i t o m e t r i c  t e s t i n g  b y  NASA, Manned Spacecraf t  

Ce - i t e r .  



Sect ion I I 1  

, Analys4s o f  Crop Color Va r ia t i ons  Recorded on) C l  R imagery 

i i r i d  i ,ii C r 5 ; i  LJ\ , L u' , >t , t  --' ,. 

Many crop c o l o r  responses recorded on CIR f i l m  f o l l o w  p red i c tab le  

changes ( i .e . ,  cereal  g ra in  crops tu rn  ye l low when they mature.) whic l*  

are most usefu l  i n  i d e n t i f y i n g  crops, e s p e c i a l l y  when u t i l i z i n g  time,-ihpse 

imagery. Unfor tunate ly ,  p red i c tab le  crop c o l o r  changes do no t  a lways  

f o l l o w  a  un i fo rm crop-wide pat te rn .  Because o f  t ime v a r i a t i o n s  i n  f a r m  

management p rac t i ces  the same crop has been detected t o  record a d i f f e r -  

ent c o l o r  response w i t h i n  the same f i e l d  ( p l a t e  3)  and between d i f f e r e n t  

f i e l d s  ( p l a t e  4 )  w h i l e  d i f f e r e n t  crops have been noted w i t h  the same 

c o l o r  response (P la te  5 ) .  Changes occur ing w i t h i n  the vegetat ion and t l ,e 

surrounding envi  ronment cause the v a r i  a t  ions i n  c o l o r  response, bu t  ti+il 

reccrd ing  o f  the response on C I  R imagery i s  f u r t h e r  compl i ca ted  by the 

v a r i a t i o n  * n  the i n t e g r a t i o n  o f  c o l o r  responses caused by changes in the 

ground r e s o l u t i o n  and/or sca le  o f  the image. A f a c t o r i a l  ana lys is  of the 

crap response v a r i a t i o n s  may a s s i s t  i n  improving the a b i l i t y  t o  identify 

a g r i c u l t u r a l  crops. 

A. Changes i n  Colas Response Related t o  Season 

*..- 
sne p red i c tab le  v a r i a t i o n s  i n  crop c o l o r  response r e l a t e d  t o  the g r w t h  

c y c l e  have been found t o  occur i n :  

( 1 )  d l  f ferences i n  the crop matu r i t y ,  

(2) the r a t i o  o f  so i  1 exposure to  vegeta t ive  co lo r ,  

( 3 )  the i n f l uence  of farming prac t ic t l s  ( i r r i g a t i o n ,  c u l t i v a t i o n ,  etc.) 
on t5e c o l o r  response o f  the so i  l and vegetat ion,  and 

(4) the e f f e c t  o f  crop shading on the amun t  o f  background i n f r a r e d  
i I ?  u.nination. 



1 .  E f f e c t s  o f  D i  f fe rences  i n  Crop M a t u r i t y  on the  Color  ; ~ s p o , ? s c  

One o f  the most impor tan t  f a c t o r s  i n  a g r i c u l t u r a l  c rop i d e n t i  f i c a -  

lion is  the change o f  the  c o l o r  response w i t h  change i n  t ime,  The t r a i i s i -  

r ;an o f  cereal  g r a i n  crops f rom t h e  t r u e  vege ta t i ve  c o l o r  o f  b lue-green t o  

the ripe golden ye l l ow  o f  b a r l e y  o r  the bronze c o l o r  o f  mature wheat y i e l d s  

^ti;e codor d i f f e r e n c e s  on C I R  photography u s e f u l  i n  d e t e c t i n g  cerea l  

3;;ins at most r eso l  u t f ons .  De tec t i on  o f  the? temporal change o f  crop c o l o r s  

-3qwi res sequen t i a l  exposures o f  the  same t a r g e t  throughout  the va r i ous  

ohenolog ic  stages o f  a  c rop ' s  growth. The C I R  image c o l o r  f o r  r i p e n i n g  

g r a i n ,  for example, changes f rom the deep red  o f  t h e  vege ta t  i ve  s tage  t o  

:be l i g k t e r  p i n k  o f  t he  r i p e n i n g  g r a i n  and f i n a l l y  t o  a ye1 low, l i y h t  tan 

c o l o r  o r  ye1 low ish  green, depending on a u x i l  i a r y  f i  1 t r a t  i on  and process i ng  

( P l a t e  2 ) .  D i e t e r  S t e i n e r  (1969) found t h a t  t he  i d e a l  t ime p e r i o d  between 

success ive images f o r  d e t e c t i o n  o f  the  change i n  crop c o l o r  response was 

,hree weeks w i t h  a t  l e a s t  t h ree  success ive images. Verbal  d iscuss ions  

w i t h  David Simonett  suggested t h a t  the  t i m i n g  sequence i s  t i e d  t o  t he  

growth cyc le  i n  t h ree  d i v i s i o n s .  I n  mid-season many crops a re  a t  a pheno- 

logical stage i n  which t h e i  r i n f r a r e d  c o l o r  response appears q u i t e  s i m i l a r  

and t h e y  are  d i f f i c u l t  t o  d i f f e r e n t i a t e .  Dur ing the e a r l  i e r  v e g e t a t i v e  

stage d i f f e r e n c e s  i n  crops may be de tec ted  by d i f f e r e n c e s  i n  p l a n t i n g  t imes.  

T+e t h i r d  d i v i s i o n  p rov ides  t he  g r e a t e s t  p o t e n t i a l  i n  crop d i f f e r e n t i a t i o n  

w i t h  soole crops hav ing  r ipened t o  d i f f e r e n t  co lo r s ,  o r  showing the  e f f e c t s  

c "  G *  r l  --(,-?+ - tyqes of h a r v e s t i n g  ( p l a t e s  7 and 8 ) .  



2 .  E f f e c t s  o f  S o i l  Exposure on the  Co lo r  Response 

The r a t i o  o f  s o i l  exposure t o  a g r i c u l t u r a l  vege ta t i ve  cover changes 

w i t h  the m a t u r i t y  o f  t he  c rop  ( p l a t e  9 ) .  A c rop  t h a t  complete ly  covers a 

f i e l d  wi  1 1  y i e l d  a  pure  f a l s e  c o l o r  on t h e  CI R image; i f  the  crop i s  i n  a 

v e g e t a t i v e  s tage  t h i s  wi  1 1  be red.  The o t h e r  extreme may be found i n  

newly seeded f i e l d s  i n  which n o  c rop  c o l o r  appears and o n l y  the s o i l  re -  

f l e c t a n c e ,  m o d i f i e d  by mo is tu re ,  c rea tes  the  c o l o r  response recorded on 

the  C I R  image. The r e s u l t a n t  image recorded on t h e  C I R  f i l m  w i l l  be an 

i n t e g r a t e d  c o l o r  combining r e s p e c t i v e  p r o p o r t  ions o f  the  c o l o r  response 

o f  the exposed s o i l  and the  c rop  cover .  Hcwever, t he  amount o f  c o l o r  i n -  

t : :gration i s  dependent upon t he  r e s o l u t i o n .  A t  maximum r e s o l u t i ~ o n  ( g r o u n d  

photo,  P l a t e  9)  t he  c rop  c o l o r  i s  separated f rom t h e  s o i l  c o l o r  and two 

d i s t i n c t  non - i n t eg ra ted  c o l o r s  a r e  recorded. Low r e s o l u t i o n  as e x e m p l i f i e d  

by  the  A p o l l o  9 image ( p l a t e  1 )  y i e l d s  t h e  maximum i n t e g r a t i o n  o f  combined 

c o l o r s .  

3. l n f  luences o f  Farming P r a c t i c e s  on Color  Response 

Farm management p r a c t i c e s  a re  a l s o  impor tan t  c o n t r i b u t o r s  t o  color  

v a r i a t i o n s .  A f requen t  p r a c t i c e  w i t h i n  a  g i ven  a g r i c u l t u r a l  area i s  t o  

s tagger  p l a n t i n g  o f  annual crops which thus p resen ts  severa l  stages of 

growth o f  the same c rop  on the  same image. Perenn ia l  c rops ( i  , e .  , a1 fa1 fa)  

may have severa l  c u t t i n g s  throughout  the growing season ( p l a t e  3) a n d  i n  

one ins tance  an image was found w i t h  a l f a l f a  f i e l d s  i n  s i x  d i f f e r e n t  

tones o f  r e d  f rom l i g h t  p i n k  t o  deep red  ( p l a t e  4 ) .  The a p p l i c a t i o n  of  

f e r t i  1 i z e r  has a  marked e f f e c t  on t he  image o f  the c rop  by  changing the  

v i g o r  o f  growth which can be de tec ted  on C I R  images by deepening t he  shade 

o f  red. 



E i t h e r  i r r i g a t i o n  o r  c u l t i v a t i o n  w i l l  change the  amount o f  s o i l  

r n o i s t b r e  exposed t o  the sensor and t he  i n t e g r a t e d  c o l o r  w i l l  va r y  i n  

b o t h  hue and tone w i t h  t he  change i n  the v i s i b l e  mo is tu re  c o n d i t i o n s .  

S p e c t r a l  r e f l e c t a n c e  c h a r a c t e r i s t i c s  show t h a t  d r y  s o i  1 has a  much h i g h e r  

r e f l e c t i v i t y  than wet s o i l  a t  a l l  wavelengths. The g r e a t e s t  d i f f e r e n c e  

occurs i n  t he  n e a r - i n f r a r e d  (900-1000 nm) ( ~ o n d i t ,  1969). Dry s o i l ,  

? - 
! aghler i n  c o l o r ,  w i l  1 tend t o  decrease t he  o v e r a l l  d e n s i t y  o f  t h e  i n t e -  

g r a t e d  crop c o l o r  w h i l e  wet so i  l w i t h  lower  r e f l e c t i v i t y  w i l l  i nc rease  

t n e  d e n s i t y  o f  t he  c o l o r  y i e l d i n g  a  darker  tone w i t h  a  s h i f t  toward a  cyan 

b a i a l ~ c e ,  Examples o f  the mo i s tu re  d i f f e r e n c e  phenomena was no ted  through-  

o u e  the  A p o l l o  9 photo.  The seeded f i e l d s  were e a s i l y  de tec ted  because 

o f  the d a r k  b l u i s h  (cyan) c o l o r  o f  the  very  wet s o i l .  C e r t a i n  c u l t i v a t e d  

growing crops such as onions showed a  combinat ion o f  modulat ion o f  t he  

d a r k  b l u i s h  s o i l  background and t he  v i v i d  r ed  o f  t h e  vege ta t i on  w i t h  the 

r e s u l t  being a magenta c o l o r .  D i f f e rences  i n  bare  f i e l d s  were no ted  wherein 

f a t  l ~ w  f i e l d s  were recorded on the  C I R  f i l m  as a  n e u t r a l  c o l o r  ( w i t h  EA-4 

~ r o c e k s  ing)  and the  plowed f i e l d s '  y i e l d e d  a  ve ry  d i s t i n c t i v e  t u rquo i se  b lue .  

4, E f f e c t  o f  Crop Shading on Amount o f  Background I n f r a r e d  I 1  Bu- 
minance 

Cui-sent i n v e s t i g a t i o n  r e l a t e d  t o  the I R  r e f l e c t a n c e  c h a r a c t e r i s -  

t i c s  c f  vege ta t i on  (Pease) suggests t h a t  vege ta t i on  i s  s i g n i f i c a n t l y  t r a n s -  

p a r e n t  t o  near  i n f r a r e d  r a d i a t i o n .  Thus, vege ta t i on  wi t h  a  shadow s u b s t r a t a  

w l ;  1 appear darker  than the  sane vege ta t i on  w i t h  a  1 i g h t  o r  il luminated 

b a c k g r o u n d ,  The phenomenon i s  most marked when the  background i s  i l l u m i n a t e d  

d i  r e c t  l y  by the sun and s imp l y  shows through the  crop t i s s u e .  T h i s  e f f e c t  

i s  dependent on t he  s tage  o f  growth and c o n d i t i o n  o f  the vege ta t i on  and w i l l  



decrease w i t h  mu1 t i p l e  l a y e r i n g  o f  crop leaves. Soi 1 w i t h i n  an indivY d u a l  

f i e l d  t ha t  has been modif ied by i r r i g a t i o n  water w i l l  present an even 

more complicated re f lec tance pat te rn .  The exposed s o i l  w i l l  d r y  sooner 

than the s o i  1 which i s  shaded by the vegetat ion. The v a r i a t i o n  i n  t h e  

wetness o f  the s o i l  i n  the same f i e l d  may cause a  d i f f e r e n c e  i n  the u n i -  

fo rmi ty  o f  c o l o r  and c e r t a i n l y  can cause a  d i f f e r e n c e  i n  the co lo rs  ofr 

two f i e l d s  o f  the same crop a t  the  same stage o f  ma tu r i t y .  An adjustment 

i n  the sca le  o r  r e s o l u t i o n  w i l l  n o t  necessar i l y  reduce the  e f f e c t  o f  the 

l i g h t  c o n t r i b u t i o n  o f  the s o i l ,  b u t  the phenomenon may f u r t h e r  exp la in  

the d i  fferences f requen t l y  noted i n  the c o l o r  records o f  two i dent i cal 

crops. 

B. Var ia t ions  o f  Crop Color on C I  R Imagery w i t h  Changes i n  Resol u e i o n  

The change i n  the c o l o r  record  i s  q u i t e  apparent as the  sca le  a n d  

r e s o l u t i o n  i s  increased from t h a t  o f  the Apo l lo  9 image (1:3,000,000 s c a l e ;  

80 meters reso lu t i on )  t o  the  la rge  sca le  and h igh  r e s o l u t i o n  of the  low 

a1 t i  tude NASA Mission 73 f l i g h t  ( 1  :4,000 scale;  10 cm r e s o l u t i o n ) .  The 

h igh  r e s o l u t i o n  has a  most de le te r i ous  e f f e c t  on the readabi 1 i t y  of crop 

co lo rs  which, as noted i n  s e c t i o n  I l l - A - 2  above i s  apparent ly  caused by 

the p l a n t  c o l o r  being v i s u a l l y  separated from the associated ground color, 

The separat ion e f f e c t  i n  h i g h  r e s o l u t i o n  C I  R imagery suggests t h a t  the  

c o l o r  record o f  an a g r i c u l t u r a l  crop on medium and low r e s o l u t i o n  61 13 

imagery mus t, there fore ,  be an i n teg ra ted  c o l o r  reading whi ch i s  ob ta i ned  

From the combined re f l ec tance  o f  bo th  t a r g e t  vegeta t ion  and v i s i  b l e  soi l 

background. The p l a n t  images on h igh  r e s o l u t i o n  photography are  usua l ly  

represented by small dots (p la tes  5 and 6) which make i t  d i f f i c u l t  to 



obtain an average dens i tomet r ic  reading o f  the e n t i r e  f i e l d .  Average 

\i,l?we.; from h i g h  r e s o l u t i o n  i m ~ g e r y  may requ i re  several  readings t o  be 

taken f o r  d i f f e r e n t  image elements o f  each i n d i v i d u a l  f i e l d ,  a process 

t h a t  is not ccmpatible w i t h  automatic processing. 

Adu l te ra t i on  o f  the pure vegeta t ion  c o l o r  occurs a t  l e a s t a s  soon 

as image r e s o l u t i o n  i s  reduced t o  the C I R  f i l m  r e s o l u t i o n  (40 l ines/mm) 

i . ~ i l i  ch sgcs longer  permi ts  separat ion o f  the  re f lec tances  o f  S O T  l and veg- 

-I-:ation (p la tes  6 and 7) .  Color b lend ing  w i l l  cont inue t o  increase as 

t h e  r e s o l u t i o n  i s  decreased. A t  some upper l i m i t  the a g r i c u l t u r a l  crops 

in adjacent f i e l d s  w i l l  a l so  present  a  cross-modulation between f i e l d s  

a n d  t h e  blended margins w i l l  inc lude co lo rs  f rom both. The Apo l lo  9 

image (P la te  1 )  d isp lays  examples o f  t h i s  l a t t e r  e f f e c t .  Adjacent f i .elds 

o f  t h e  same crop type s imply cont inue the c o l o r  o f  each other ,  but adjacent 

f i  el d s  w i  t h  d i  f f e r e n t  crops create a  compounded adul t e r a t i o n  of  the c o l o r  

records o f  bo th  c e l l s .  

Experience du r ing  t h i s  study has shown t h a t  the h ighes t  r e s o l u t i o n  

for  gc~od c o l o r  i n t e g r a t i o n  on C I  R imagery i s  40 cm which was noted on 

Mission 73 a t  a  scale o f  1 : 16,000 (P la te  2 ) .  



Sect ion  I V  

Design o f  A g r i c u l t u r a l  Land Use I n t e r p r e t a t i o n  and Ana lys is  Systems 
2 

The v a r i a t i o n s  i n  c rop  c o l o r  responses o r i g i n a t i n g  i n  the  mic ro -  

-env i  ronment o f  the i n d i v i d u a l  f i e l d  suggests t h a t  any sys tern des igned t o  

process a g r i c u l t u r a l  C I R  imagery w i l l  need t o  examine each i n d i v i d u a l  

f i e l d  u n i t  o r  c e l l .  L i kewise ,  the uniqueness o f  the  macro-environment of 

a  reg ion ,  as no ted  i n  t h e  lmper ia l  Va l ley ,  suggests t h a t  each a g r i c u i t u r a l  

reg ion  w i  11 a l s o  have t o  be examined i n d i v i d u a l l y .  The env i  ronmenta; d i f -  

ferences between reg ions,  bo th  phys i ca l  and c u l t u r a l ,  a r e  so  complex t h a t  

n e i t h e r  a  manual no r  an au tomat ic  u n i v e r s a l  wor ldwide systems designed a t  

t h i s  t ime  t o  cons ider  each v a r i a b l e  would be p r a c t i c a l .  The a l t e r n a t i v e  

presented here i s  t o  use t he  r e s u l t s  o f  t he  Imper ia l  V a l l e y  study as des ign 

c r i t e r i a  f o r  a  b a s i c  i n t e r p r e t a t i o n  and a n a l y s i s  system which then, pe rhaps ,  

can be mod i f i ed  t o  f i t  each a g r i  cu l  t u r a l  area. The b a s i c  modi f i c a t  ialq f o r  

app l y i ng  t he  system t o  o t h e r  areas would be t h e  p r e p a r a t i o n  o f  an appro- 

p r i a t e  t a b l e  o f  c rop  s i gna tu res ,  develop sur roga tes  o f  l o c a l  c o n d i t i o n s ,  

and p r e p a r a t i o n  o f  a  l o c a l  area base map showing i n d i v i d u a l  f i e l d  p a t t e r n s .  

A  f u r t h e r  expansion o f  the system would be t he  des ign o f  a  wor ld-wide a g r i -  

c u l t u r a l  l and  use code wh ich  cou ld  be used i n  i t s  e n t i r e t y  o r  o n l y  i n  those 

p a r t s  a p p l i c a b l e  t o  the  area under s tudy.  

The des ign c r i t e r i a  t h a t  f o l  lows i s  in tended f o r  a  system t h a t  w o u l d  

e i t h e r  manual ly o r  a u t o m a t i c a l l y  examine each f i e l d  o r  c e l l ,  record  t he  

2 ~ h e  term system i s  be ing used r a t h e r  than methods because i t  i s  more i n d i c a -  
t i v e  o f  au tomat ic  o r  computer p rocess ing  techniques and i t  i nd i ca tes  a re -  
pea tab le  sys temat ic  process f o r  each s tep  performed d u r i n g  the  i n t e r p r e t a t i o n  
and a n a l y s i s  sequence. 



f i e l a  l o c a t i o n  index, measure and reco rd  the  f i e l d  c o l o r  response, and then 

refer t o  c rop  s i g n a t u r e  t a b l e s  and the f i e l d  h i s t o r i c a l  da ta  t o  determine 

tiic probab le  a g r i c u l t u r a l  land use type.  Upon complete examina t ion  o f  the 

e n t  i r e  r eg ion  va r i ous  summary r e p o r t s  cou ld  be prepared. Th i s  type o f  

system r e q u i r e s  t h e  p r e p a r a t i o n  o f  c e r t a i n  t a b l e s  be fo re  any examinat ion 

,>'r' tke iivlagery can begin .  The t a b l e  o f  c rop  s i gna tu res  i s  one o f  the f i r s t  

8 t e p s  before any a t tempt  can be made t o  pe r f o rm  a g r i c u l t u r a l  land use i n -  

t e r o r e t a t  ion.  

A. Crop S igna tu re  Tables 

I t  has been s t a t e d  by Bomberger (1960) t h a t  a g r i c u l t u r a l  land use 

n t e s p r e t a t i o n  can be made on t h e  bas i s  o f  tone, t e x t u r e ,  p a t t e r n ,  shape, 

s i z e ,  and topograph ic  s i t e .  Exper imenta t ion  w i t h  s a t e l l i t e  c o l o r  photo-  

graphy has shown t h a t  many o f  these s i g n a t u r e  f a c t o r s  a re  l o s t  w i t h  t h e  

decrease i n  r e s o l u t i o n ;  however, the  c o l o r  has remained. Whi le ,  a$ St rand-  

be rg  (3968) suggests, c o l o r  w i l l  enhance t he  r e s o l u t i o n  capabi 1 i t y  o f  the 

imagery, i t  i s  s t i l l  n o t  s u f f i c i e n t  on A p o l l o  9 imagery t o  p rob ide  much 

more than gross shape and s i z e  i n f o rma t i on .  C I R  imagery enhances t he  separ-  

a t i o n  o f  c u l t i v a t e d  vege ta t i on ,  bu t  i t  creates t h e  addi tTona1 problem o f  

crop c o l o r  v a r i a t i o n  d iscussed i n  s e c t i o n l l ! .  The i n t e r p r e t a t i o n  o f  t he  

vege ta t i ve  c o l o r  w i t h  image elements o t h e r  than t h e  crops needs a d d i t i o n a l  

s i g n a t u r e  da ta  t o  h e l p  i d e n t i f y  i n d i v i d u a l  c rop types.  These da ta  can be 

p r o v i d e d  by i n c o r p o r a t i n g  a d d i t i o n a l  env i ronmenta l  s i g n a t u r e  f ac t s ,  bo th  

p : ~ y ~ i ~ d l  di1ii i u l t u r a l ,  i n  t h e  s i g n a t u r e  t a b l e .  The complete t a b l e  shou ld  

i n c l u d e  a l i s t  o f  fa rm ing  p a t t e r n s  p e c u l i a r  t o  each c rop  type.  The des ign 

c r i t e r i a  f o r  each o f  these t h r e e  s i g n a t u r e  elements i s  as f o l l o w s :  



1. Color  S igna tu res  

Lack o f  q u a l i t y  c o n t r o l  and s u f f i c i e n t  c o l o r  v a r i a t i o n  d a t a  r equ i r es  

t h a t ,  a t  p resen t ,  c o l o r  s i gna tu re  t ab les  must be prepared f rom each se t  o f  

images. P repa ra t i on  o f  a  un i f o rm  t a b l e  o f  c o l o r  s i gna tu res  f o r  a g r i c u l t u r a l  

crops i s  imposs ib le  a t  p resen t  because o f :  (1) t h e  p r e v i o u s l y  mentforied l a r k  

o f  adequate q u a l i t y  c o n t r o l  i n  the C I R  f i l m  manufacture, image exposure, a n d  

devel opmen t processes ; and ( 2 )  t h e  1 ack o f  adequate s p e c i f i c  in fo rmat  ion on 

the v a r i a t i o n  i n  c o l o r  throughout  the  growth c y c l e  o f  each crop.  To p r e p a r e  

a t a b l e  f rom e x i s t i n g  imagery, t h e  ground survey work must be accompl i shed 

a t  the t ime o f  t he  f l i g h t  t o  o b t a i n  p o s i t i v e  i d e n t i f i c a t i o n  o f  r ep resen ta t i ve  

crops and a  sampl ing f o r  each c rop  type i n  var ious  stages o f  growth. 

Desp i te  f a c t o r s  p roduc ing  c o l o r  v a r i a t i o n s ,  t h e r e  i s  s  ti 1 1  a h i g h  

percentage o f  crop types which p resen t  a  un i f o rm  c o l o r  on a  s i n g l e  image 

- annual crops such as cerea l  g ra i ns ,  sugar beets ,  co t t on ,  melons and torna- 

toes ( p l a t e  2 ) .  The u n i f o r m i t y  o f  c o l o r  w i t h i n  c rop  type on a  s i n g l e  image 

o f f e r s  some hope o f  success i n  t he  use o f  au tomat ic  e l e c t r o n i c  image a n a l y -  

z i n g  devices which a re  be ing  developed t o  i n t e r p r e t  an e n t i r e  image w:thouf 

the  necess i t y  f o r  examining i n d i v i d u a l  f i l e l ds .  Lack o f  u n i f o r m i t y  i n  some 

crops ( i . e . ,  a l f a l f a ) ,  however, suggests t h a t  i t  w i l l  con t inue  t o  be neces- 

sary t o  examine c e r t a i n  f i e l d s  i n d i v i d u a l l y  us i ng  aux i  1 i a r y  s i g n a t u r e  d a t a  

be fo re  f i n a l  i d e n t i f i c a t i o n  can be made. 

An e s s e n t i a l  requirement i n  ma in ta i n i ng  u n i f o r m i t y  i n  color  s i g n a -  

t u r e  readings i s  a  measuring dev ice which w i l l  ma in ta i n  t he  same co lo r  

s tanda r d  throughout  a1 1 t he  i magery. A  readout dev i  ce may be an e l e c t r o n  i c 



scanner which feeds t he  i n f o r m a t i o n  t o  o t h e r  au tomat i c  p r o  

rnene o r  i t  may be a manual readout  c o l o r  dens i tomete r  whi the 

three dye l a y e r  modulat ions i n t o  numer ica l  d e n s i t y  read1 

t i n n  t o  i n d i v i d u a l  f i e l d  a n a l y s i s  the  l a t t e r  i ns t rument  may be a d e s i r a b l e  

a d j u ~ n c t  i n  t h a t  s e t s  o f  p r e c i s e  numer ica l  va lues may be ob ta i ned  f o r  each 

f i e l d ,  Recording numer ica l  va lues f a r  each dye- layer  d e n s i t y  w i l l  enable 

crop c o l o r  s i gna tu res  t o  be expressed as a r a t i o  b e t  

dens i t y  values.  

The c o l o r  s i g n a t u r e  t a b l e s  should  be expressed a 

l i m i  t ,  t o  i n s u r e  i n c l u s i o n  o f  the  same type  c rop  even when t he  

,olor v a r i a t i o n s .  I f  these l i m i t s  a r e  t o o  broad f o r  t h e  number o f  c rops t o  

be avaieiated i n  a  s i n g l e  s e r i e s  o f  images, then t he  c o l o r  s i g n a t u r e  t a b l e  

shoul t l  be prepared w i t h  s u b d i v i s i o n s  o f  c rop  types and no te  made rega rd i ng  

ove r l ap  o f  c h a r a c t e r i s t i c s .  The s u b d i v i s i o n  shou ld  cons ide r  p o s s i b l e  s tages 

o f  growth and upper and lower  l i m i t s  f o r  each o f  t h e  s tages e s t a b l i s h e d .  Crops 

which cannot be i d e n t i f i e d  by c o l o r  s i g n a t u r e  t a b l e s  shou ld  be r e f e r r e d  t o  o t h e r  

s i gna tu re  f a c t o r s  f o r  f u r t h e r  process i n  

2 ,  Envi  ronmental Fac to rs  

Clues o t h e r  than c o l o r  s i gna tu res  may occur  on the C I R  o r  may 

be a v a i l a b l e  as a u x i l i a r y  da ta  t o  reduce t h e  number o f  i d e n t i f i c a t i o n  poss i -  

b i ' !  ; t i e s .  A u x i l i a r y  da ta  a re  those data which occur  as phys i ca l  o r  c u l t u r a l  

fac tops  o f  the geograph i c  t a r g e t  area. 

a .  P h y s i c a l  F a c t o r s  

Among t h e  most u s e f u l  phys i ca l  f a c t o r s  i s  t he  c l  imate. The agron- 

o m i s t  wi l l o f t e n  d i v i d e  t h e  c u l t i v a t e d  p l a n t s  i n t o  warm weather and coo l  

wea the r  c rops .  For  a g iven  geograph ica l  l o c a t i o n ,  the  c l i n a t i c  f a c t o r  



alone enables us t o  reduce the 1070 c u l t i v a t e d  p l a n t s  l i s t e d  by S t ~ r t e v a n t  

(1958) t o  a  more manageable number. O f  t he  usual c l i m a t i c  data for the 

lmper ia l  Va l ley ,  temperature i s  most use fu l .  Modern technology Tn i r r i g a -  

t i o n  p r a c t i c e s  has d im in ished  the importance o f  p r e c i p i  t a t i o n  t he re  as i s  

e x e m p l i f i e d  by more than 284 mi les  o f  main canals and 1497 m i l es  of l a t e r -  

a l s .  I n  the Impe r i a l  Val l ey ,  the  temperature extremes have the gr-eatest 

i n f l u e n c e  on t he  crop ca lendar .   h he c l i m a t i c  da ta  f o r  the Impe r i a l  Val l ey  

i s  shown i n  AppendixA-2. )  The average 316 f r o s t  f r e e  days i s  a poor i n -  

d i c a t i o n  o f  the growing season i n  t he  lmper ia l  Va l ley .  Dur ing  the  hinter 

rmx~ths, when f r o s t  i s  ap t  t o  occur,  most o f  the  crops under c u l t i v a t i o n ,  

such as l e t t u c e  and c a r r o t s ,  have moderate f r o s t  to le rances .  Hence, the 

g r w i n g  season i n  the lmper ia l  V a l l e y  i s  much c l o s e r  t o  365 days than the 

f r o s t  f ree ca lendar  would i n d i c a t e .  The c l i m a t i c  f a c t o r s  can usual Iy be 

s u m a r i z e d  and de f i ned  i n  an expanded c rop  s i gna tu re  t a b l e  t h a t  incl  wdes 

a c rop  ca lendar .  ( ~ e f e r  t o  Appendix C - 1  f o r  t he  lmpe r i a l  Val l e y  Crop Cal- 

endar.) 

Another phys i ca l  f a c t o r  d i  r e c t l  y  connected wi t h  c l  imate , b u t  much 

s i m p l e r  t o  de f i ne ,  i s  the  geographica l  l o c a t i o n  o r  l i m i t s  where var ious  

species o f  vege ta t i on  can be c u l t i v a t e d  under n a t u r a l  c l i m a t i c  conditions, 

Date palms f o r  example, have an extreme n o r t h e r n  hemisphere l i m i t  o f  appssx- 

ima te l y  34' l a t i t u d e .  L ikewise,  bananas have a  c l i m a t i c  zone l i m i t  t h a t  

can be descr ibed  by geographical  coord inates.  Most o f  the economic crops 

can s i m i l a r l y  be de l im i t ed .  

Other i n d i r e c t  phys i ca l  f a c t o r s  t h a t  determine t he  type o f  crops 

which may be p l a n t e d  i n  the area a re  l o c a l  f a c t o r s  such as s o i  l cond! t ions  



and  impo r ta t i on  o f  water  w i t h  a  h i gh  s a l i n i t y  content .  The l a t t e r  problem 

e x i s t s  i n  the Impe r i a l  Va l ley ,  b u t  i s  countered by a  vas t  underground t i l e  

drainage network t h a t  permi ts  ground l each ing  t o  remove excess s a l t s .  When- 

e v e r  spec ia l  l o c a l  cond i t i ons  can be s t a t e d  i n  d e f i n i t i v e  form, they may 

be  used t o  reduce t he  number o f  p o s s i b l e  crops t o  be i d e n t i f i e d  i n  an area. 

b. Cul t u r a l  -Econorni c  Factors  

The type o f  crops produced i n  a  g iven area o r  coun t ry  can 

aiso be pre judged t o  some e x t e n t  by c u l t u r a l  p r a c t i c e s .  The d i e t  o f  the  

popu la t i ons  o f  As ia ,  f o r  example, invo lves  t he  use o f  l a r g e  amounts o f  r i c e .  

In Songo, one suspects t h a t  an abundance o f  yams a re  produced. L ikewise ,  

i n  the Un i ted  S ta tes ,  an i n v e s t i g a t o r  would a n t i c i p a t e  cons iderab le  crop- 

l a n d  s u b s i d i z i n g  the r a i s i n g  o f  bee f  c a t t l e .  D i e t  h a b i t s  connected w i t h  

the c u l t u r a l  h i s t o r y  o f  an area supports the idea  t h a t  t ab les  o f  crop s i g -  

natures should be mod i f i ed  f o r  each o f  the  c u l t u r a l  reg ions o f  the  w o r l d  

to make the Job s imp le r .  

Loca t i on  o f  t he  crop lands w i t h  respect  t o  t h e i  r markets, cos t  com- 

p e t  i t i  on between crops, land cos ts  and e x p o r t  crops a re  economic f a c t o r s  

tna: s h o u l d  a l s o  be cons idered as crop i d e n t i f i c a t i o n  surrogates.  

The phys i ca l  and c u l t u r a l  env i  ronmental f a c t o r s  can usual l y  be found 

sLf~ninarized i n  an annual crop ca lendar  f o r  t he  l o c a l  area. The s e l e c t i o n  o f  

crops which appear on the ca lendar  a re  g r e a t l y  a f f e c t e d  by phys i ca l  f a c t o r s ,  

b ~ t  w i t h i n  the frame o f  poss ib i  1 i t i e s  o f f e r e d  by the  phys i ca l  environment 

a r e  local cu l  t u r a l  f a c t o r s  which d i c t a t e  crops p lanted.  

3.  Farming Pa t te rns  

The major d i v i s i o n s  o f  a g r i c u l t u r a l  p roduc t ions  ( ~ i e l d  Crops, Veget- 

a b l e  Crops, F r u i t  and Nut Crops, L ives tock  and Animal Produc t ion ,  and 



H o r t i c u l t u r a l  Spec ia l  t i e s )  each have d i s t i n c t i v e  p a t t e r n s  r e s u l t i n g  from 

fa rming  p r a c t i c e s .  F i e l d  crops a r e  general  l y  no ted  f o r  t h e i r  extens i v e  

farming p r a c t i c e s ,  and the  m a j o r i t y  o f  crops which a re  p l an ted  by broad- 

c a s t i n g  o r  d r i l l i n g  t he  seed a r e  i d e n t i f i e d  as f i e l d  crops. Vegetable 

crops normal l y  c o n s i s t  o f  i n t e n s i v e  fa rming  p r a c t i c e s  w i t h  mechanized 

crops p l an ted  mos t l y  i n  rows. The rows a r e  f o r  e i t h e r  i r r i g a t i o n  o r  t he  

necessary c rop  care o f  p e r i o d i c  c u l t i v a t i o n ,  f e r t i l  i z i n g ,  sp ray ing ,  and 

manual o r  mechanized ha rves t i ng .  However, c e r t a i n  f i e l d  crops a r e  p l a n t e d  

i n  rows a l s o  f o r  t he  same type o f  care,  so t he  f a c t  a  f i e l d  con ta ins  rows 

does n o t  necessar i  l y  i d e n t i f y  the type a g r i c u l t u r e  be ing  p r a c t i  ced. H w -  

ever ,  the  rows o f  s p e c i f i c  crops a r e  o f t e n  d i s t i n c t i v e .  For  example, 

spac ing o f  watermelon rows i s '  g e n e r a l l y  9 f e e t  (2.74 meters) i n  the Emper-- 

i a l  V a l l e y  w h i l e  F i e l d  crops o f  c o t t o n  and sugar beets and many o f  the vege- 

t a b l e  crops a r e  o n l y  42 ' inches  (107 cm.) apar t .  W i th i n  t he  vegetable crops, 

the  number o f  rows w i t h i n  a  hummock o r  h i l l  i s  found t o  be d i f f e r e n t .  Car- 

r o t s ,  i n  c o n t r a s t  t o  watermelons, may be p l a n t e d  i n  c l o s e l y  spaced multiple 

rows w i t h  i n  double rows one f o o t  (30 cm.) apa r t  on e i t h e r  s  i de o f  t he  hum- 

niock. 

The s i z e  o f  a  f i e l d  o r  t he  u n i n t e r r u p t e d  cover area w i t h i n  a  f i e l d  i s  

very i n d i c a t i v e  o f  t h e  type  o f  a g r i c u l t u r a l  c rop  as w e l l  as the  h a r v e s t i n g  

method employed. Most l a r g e  f i e l d  crops can be harves ted  mechanica l ly  and 

the  o n l y  l i m i t  on t h e  f i e l d  s i z e  i s  l and  ownership and p r a c t i c a l i t y ,  Gra jn  

f i e l d s  may have an unbroken cover f o r  m i l es  i n  a  d r y  farming area. I n  

i r r i g a t e d  areas the l e n g t h  o f  a  g r a i n  f i e l d  i s  l i m i t e d  by ownership and the  

f a l l  o f  the  l and  t o  con ta in  o r  spread i r r i g a t i o n  waters o r  run s p r i n k l e r  



sys terns, Vegetable crops a r e  q u i t e  d i f f e r e n t  i n  s i z e  requ i  r e m n t s ,  hanu- 

a0 h a r v e s t i n g  has l i m i t e d  the l e n g t h  O F  an unbroken row o f  vegetables t o  

the d i s tance  a human can c a r r y  the p rodus t .  Hand p i cked  cante loupc a r e  

usually l i m i t e d  t o  rows o f  a d i s t ance  t h a t  a p i c k e r  can c a r r y  a f u l l  bag 

be fo re  un loading,  Mechanized h a r v e s t i n g  may impose s i z e  l i m i t s  and a l s o  

soac ing  l i m i t s ,  Conveyor b e l t s  on a semi-automatic watermelon ha rves te r  

i i  I ?  reach across o n l y  9 rows. Therefore,  the t e n t h  row i n  a w a t e r m l o n  

f i e l d  1s bare  t o  f a c i l i t a t e  the  movement o f  a ha rves te r ,  Because vegetables 

~ u s t  be i r r i g a t e d ,  the  s i z e  o f  the  f i e l d  i s  P i m i  t e d  t o  the  fa1 l o f  the l and  

f o r  f l c ~ s d  i r r i g a t i o n  o r  t he  p r a c t i c a l  l eng th  o f  p i pe  f o r  s p r i n k l e r  i r r i -  

c a t i o n 4  

Farming p r a c t i c e s  a r e  thus a very  d i s t i n c t i v e  a i d  i n  i n t e r p r e t i n g  

agr i  cul t u r a l  land use. Whi le  they a1 1 may n o t  be p resen t  i n  a p a r t i c u l a r  
, . 

image because o f  the r e s o l u t i o n ,  those which a re  p resen t  can be used ef fec-  

t i v e ]  y to  ca tego r i ze  the 1 and use o r  crop types,  

8. Worldwide A g r i c u l t u r a l  Land Use Code 

The development o f  the coding system f o r  any land  use mapping i s  

the keystone t o  the e n t i  r e  i n t e r p r e t a t i o n  and ana l ys i s  process, The success 

o f  the system wi 1 l s tand  o r  fa1 1 on t he  adequacy o f  t he  c l a s s i f i c a t i o n  d i -  

v i s i o n s  t o  accept and d i s t i n g u i s h  as many land  use types as p o s s i b l e  and 

i t s  abi  I i; t y  t o  p resen t  t he  da ta  t o  the  user i n  a form t h a t  wi l l enable s o l  u- 

t i ons  to as many problems o r  ques t ions  about the area as poss ib l e .  These 

ques t ions  d a ~ a y  be those o f  t h e  reg iona l  geographer who des i r-2s t o  determine 

the ecc>nomlc c u l t u r e  o f  the area, the market a n a l y s t  wh,o wants t o  know how 

many r e f r i g e r a t e d  r a i l  cars  w i l l  be needed, o r  even the h y d r o l o g i c  engineer  

who m u s t  p l a n  f o r  the d e l i v e r y  o f  wa te r  f o r  the season. 



1. Requirements 

The f o u r  pr ime requi  rernents f o r  an A g r i c u l t u r a l  Land Use c o d i q g  

c l a s s i f i c a t i o n  system a r e  as f o l l o w s :  

(a)  be a b l e  t o  accept and d i s t i n g u i s h  as many a g r i c u l t u r a l  l a n d  

use types as p o s s i b l e  throughout  t he  w o r l d  w i t h o u t  o v e r l a p -  

p ing ,  d u p l i c a t e  o r  ambiguous ca tego r i es ;  

(b) be acceptable i n  c l a s s i f i c a t i o n  d i v i s i o n s  and t i t l e s  t o  a 

w ide  spectrum o f  users;  

( c )  be compat ib le  w i t h o r  adaptable t o  computer o r  machine p ro -  

cess ing  techniques; and 

(d) p e r m i t  the  i n t e r p r e t e r  t o  ca tego r i ze  a l l  l a n d  use types wF t h  

the  h i g h e s t  p o s s i b l e  accuracy cons i s  t e n t  w i  t h  t he  reso l  u t  ion 

o f  the imagery be ing  examined. 

2. A User O r i en ted  Land Use Code 

Requirement (d) above, suggests a  h i e r a r c h i c a l  c l a s s i f i c a t i o n  system 

where i n the ca tegor ies  become .more general  i zed as the  reso l  u t  ion  becoi~e.: 

l e s s  d i s t i n c t .  A c c e p t a b i l i t y  o f  t i t l e s  t o  t he  major users,  laymen, suggests 

commonly accepted terms o f  the  farmer  be used r a t h e r  than the b i o l o g i c a l  

t i t l e s  o f  t he  s c i e n t i s t .  Computer o r  machine p rocess ing  suggests the  use of 

pure  decimal numerals r a t h e r  than a m ix tu re  o f  l e t t e r s  and numerals, A sys-  

tem t h a t  has been developed, i s  g a i n i n g  wide acceptance, and meets t h ree  of 

the above f o u r  requirements has t he  unassuming t i t l e  o f  Standard Land Use 

Code. The code was prepared i n  1965 by the Urban Renewal Agency i n  c o ~ n j u n c t i o n  

w i t h  the Bureau o f  P u b l i c  Roads. The Standard Code, as o r i g i n a l l y  p r e p a r e d ,  

fa1  I s  s h o r t  o f  p r o v i d i n g  f o r  complete wor ldwide a g r i c u l t u r a l  c lasses  and  lacks 



s u f f i c i e n t  number o f  d i v i s i o n s  f o r  the m a j o r i t y  o f  users.  Understandably,  

the code was prepared f o r  use w i  t h i n  t h e  Un i t ed  S ta tes  - p r i m a r i  l y  f o r  u r -  

ban and reg iona l  p lanners.  However, the p re face  t o  the  p u b l i c a t i o n  s t a t e s  

t h a t  users  shou ld  expand o r  adapt t he  code t o  i n d i v i d u a l  needs. The San 

Diego County p l ann ing  commission has made such an adap ta t i on  t o  f i t  the 

categories found i n  t h e i r  county (San Diego County 1968)). 

Probably no s i n g l e  code can be produced f o r  a1 l users*  On the o t h e r  

'?and, exper ience i n  the  imper ia l  V a l l e y  suggests a s i n g l e  code can be p ro -  

1-1 jced KO p rov ide  f o r  the  p l anne r  v iew ing  t he  scene f rom the ground as we1 l 

as the i n t e r p r e t e r  u t i l i z i n g  a i r c r a f t  o r  even s a t e l l i t e  imagery taken f rom 

i 0 m i  les.  The Code w i  1 1  r e q u i r e  one more d i g i t  than i s  used i n  the  s tand-  

a r d  code and p o s s i b l y  an a d d i t i o n a l  s u f f i x  f o r  t he  s p e c i a l i s t  who des i res  

t o  know i f  t h e  c rop  i s  i r r i g a t e d  o r  dry ,  o r  a cash o r  a feed crop, o r  s t a t e  

of crop 'matur i ty .  

The s tandard  land use code does u t i l i z e  agronomic a n d  h o r t i c u l t u r a l  

names and i s  a c l a s s i f i c a t i o n  common%y used by farmers and laymen. The 

s p e c i f i c  crop type o f  b a r l e y  ( f i f t h  d i g i t  l e v e l ) ,  f o r  example, f i t s  i n t o  

the h i e r a r c h i c a l  c l a s s i f i c a t i o n  i n  t he  secondary a g r i c u l t u r a l  l and  use o f  

cereal and g r a i n  crops ( f o u r t h  l e v e l ) ,  i n  the p r imary  a g r i c u l t u r a l  l and  use 

category of F i e l d  Crop ( t h i  r d  l e v e l )  , i n  the r u r a l  l and  use o f  A g r i c u l t u r e  

(second l e v e l ) ,  i n  the  general  land  use o f  Resources and Produc t ion  ( f i r s t  

level), An a l t e r n a t i v e  a g r i c u l t u r a l  l and  use c l a s s i f i c a t i o n  system might  

be to ca tego r i ze  crops by the d i s t i n g u i s h i n g  f e a t u r e s  o r  p a t t e r n s  o f  t h e  

ob jec ts  b e i n g  detected.  A l though such a system i s  ve ry  convenient  f o r  the  

in te rp re te r ,  he i s  o n l y  do ing p a r t  o f  the task.  Such s i gna tu re  c l a s s i f i c a t i o n  



might  p l a c e  the row crops o f  sugar beets,  c o t t o n ,  most vegetables,  and p e r -  

haps some f r u i t  and n u t  crops a l l  i n  one category.  A user  o f  such a l i s t  

would have a d i f f i c u l t  t ime making any judgements about a r eg ion  i f  he were 

to1 d i t  con ta ined  100,000 acres o f  row crops. The i n t e r p r e t e r  must use 

the  p a t t e r n  s igna tu res  o f  a  crop, such as the f a c t  i t  i s  p l a n t e d  i n  rows, 

t o  a s s i s t  i n  e s t a b l i s h i n g  the  u t i l i t y  o f  the  c rop  c l a s s i f i c a t i o n  o r  the 

a c t i v i t y  undertaken. I f  the  l a n d  i s  suppo r t i ng  30,000 acres o f  forage  

crops, 20,000 acres o f  g r a i n  crops, 50,000 acres o f  f i  b e r  crops, a n d  con- 

t a i n s  100 c a t t l e  feed l o t s ,  he can make a cons iderab le  judgment about t h e  

a g r i c u l t u r a l  base and economy o f  t he  area. 

Because many users need t o  know how many acres o f  a spec i  f i c  type 

o f  crop a re  under c u l t i v a t i o n  i n  o r d e r  t o  p l a n  f o r  ha rves t i ng ,  s to rage ,  

and t r a n s p o r t a t i o n ,  o r  t o  make farm loans w i t h  reasonable s a f e t y ,  o r  f o r  

many o t h e r  p l ann ing  purposes, the  code needs t o  s p e c i f y  t h e  ind iv iduta l  crop,  

The s tandard code has, t he re fo re ,  been expanded t o  f i v e  d i g i t s  f rom the 

o r i g i n a l  f ou r .  Dupl i c a t i o n  o f  numeral codes t o  i n d i c a t e  cash crops o r  g r a i n  

crops o f  the same type, o r  i r r i g a t e d  vs. d r y  fa rming  have been e l i m i n a t e d ,  

- 
ahese i terns can be i d e n t i  f i e d  by a l e t t e r  s u f f i x  b y  those users who need 

f u r t h e r  d e t a i  1 .  

3. H i e r a r c h i c a l  F i v e - D i g i t  Level  Code 

The Urban Renewal Agency (URA) s tandard l and  use code employees a 

four  d i g i t  l e v e l  code. The f i r s t  d i g i t  on the l e f t  i s  the most gene ra l i zed  

category and the f o u r t h  d i g i t  (on t he  r i g h t )  i s  the most d e t a i l e d  a c t i v i t y ,  

I n  the f i v e  d i g i t  adap ta t i on  the  f i f t h  d i g i t  l i s t s  the s p e c i f i c  crop type,  

Appendix C-2 con ta ins  the complete A g r i c u l t u r a l  f i v e  d i g i t  l e v e l  l a n d  use 



code developed f o r  t h i s  s tudy,  The d i g i t  level ca tegor ies  a r e  surr~risarimed 

as follows: 

:: Level Code and Description Example 

F i  r s t  General Land use 8 Resource Production and 
Extraction 

S 5 c s n d  Rural Land use $1 Agri cul tu ra l  

"h i r d Primary Agricultural  81 1 Field and Seed Crops 
Land use 

FOU rth Secondary Agricultural  81 1 1  Cereal and Grain Crops 
Land use 

Fi fth Spec i f i c  Crop Type 81811 Barley 

Establ ishment of  the f i v e  d ig i t - l eve l  code as an h ierarchica l  system 

permi t s  the i n t e r p r e t e r  to  attempt s p e c i f i c  crop identi f  ica t ion  w i  thout 

jeopardizing the accuracy of the c l a s s i f i c a t i o n  system a t  some higher level; 

i . e s p  the e r r o r  of c l a s s i fy ing  wheat (81118) as barley (81111)  does not 

a f f e c t  the accuracy of c l a s s i fy ing  cereal grains (81 11). Reciprocally , 

the hierarchica l  system f a c i l i t a t e s  a  more accurate s p e c i f i c  type c l a s s i f i -  

ca t i on  by providing f o r  an i n i t i a l  d iv is ion  into broad categories of land 

use t y p e s .  Field crops (811) a re  general ly comprised of large acreage o r  

ex tens ive  farms, while vegetable crops (812) a re  the smal ler  o r  more i n -  

tens i ve farms. 

T h e  resolut ion of the  imagery being examined w i l l  inf luence the d i g i t -  

-level accuracy. C I R  imagery of very low resolut ion w i l  1 permit d i s t i n c t i o n  

of a g r i  cul tu ra l  1 and (81) noted by the regul a r  red toned pat terns  of the 

c u l t i v a t e d  lands. Increase of resolut ion to  tha t  of Apol lo 9 (80 meters) 



reveals f i e l d  pa t te rns  and s izes  t h a t  w i l l  genera l l y  i nd i ca te  i n tens i ve  vs  

ex tens ive  farming p rac t i ces  and i n  con junc t ion  w i t h  auxi  l a r y  env i  ronrnental 

data may permi t  t h i r d  d i g i  t - l e v e l  (81 1) d i s t i n c t i o n  o f  crops. Resolut ion 

requirements f o r  f o u r t h  and f i f t h - d i g i t  l eve l s  were no t  determined d u r i n g  

t h i s  study. Hwever ,  i t  was found tha t  s p e c i f i c  crop types ( f i f t h  d i g i t -  

- l e v e l )  were i d e n t i f i e d  w i t h  nea r l y  100% accuracy from imagery w i t h  46 crn 

r e s ~ l t u i o n , ~  b u t  i t  i s  q u i t e  poss ib le  t h a t  a lower r e s o l u t i o n  w i l l  s t i l l  

permFt equal accuracy a t  t h i s  f i f t h  d i g i  t - l e v e l .  

C. Design and Preparat ion o f  Local Base Maps 

Current e f f o r t s  i n  remote sensing land use mapping ind ica tes  t h a t  

the procedure (manual o r  automatic) w i  11 be f a c i  1 i t a t e d  by the use o f  a 

base map which contains the f i e l d  pa t te rns  o f  the a g r i c u l t u r a l  crop lands 

under i nves t i ga t i on .  

1. Se lec t ion  and Use o f  Contro l  Map 

Convenience i n  a v a i l a b i l  i t y  and the d e t a i l  o f  p repara t ion  has 

made topographic maps the most commonly used base map i n  r u r a l  land use 

mapping. However, the very fac t  o f  the great  amount o f  de ta i  1 o f ten  rnakes 

these maps d i f f i c u l t  t o  use when the f i n a l  land use map i s  prepared. A l s o  

the normal topographic maps do n o t  conta in  a l l  o f  the f i e l d  d i v i s i o n s  t h a t  

are normal l y  encountered. An a1 t e r n a t i  ve method i s  t o  prepare a new base 

map of the area from the imagery being u t i l i z e d  and use the l o c a l  topograph ic  

map as a con t ro l  f o r  accurate p l  anemet r i  c representat  ion. 

A convenient sca le  f o r  a g r i c u l t u r a l  land use mapping i n  the U.S. 

has been found t o  be 1 :62,500. For tunate ly  most o f  the Uni ted States 

3 ~ i s s i o n  73, Western Ae r ia l  Surveys, June 1968. 
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agricultural areas have been mapped by USGS a t  t h i s  scale. Ideal  l y  the 

base map For a e r i a l  o r  s a t e l l i t e  imagery should be or thophoto nraps, bu t  

s a t i s f a c t o r y  maps can be prepared us ing  modern automatic cartograph 

e q u i p w n t  o r  the somewhat less expensive s  i mu1 taneous f i lm-map v i e  

Lacking the above type equipment, a  method was devised f o r  t h i s  s  

t o  reduc;e the f i lmed image t o  map sca le  by means o f  a  photo en larger / -  

reducer. S t r i p  sect ions from the con t ro l  map co inc ident  w i t h  the  f l i g h t  

' ine  o f  the  imgery were t raced on aceta te  over lays.  The P i  lmed imag 

w,js then p m o j c t e d  onto  the t r a c i n g  f o r  completion o f  the f ieBd pat te rns  

w i t h  co r rec t i on  and r e c t i f i c a t i o n  f o r  f i l m  and p l a t f o r m  d i s t o r t i o n  being 

mide  as necessary. The f i n a l  base map was then prepared by t r a n s f e r r i n g  

these s t r i p  over lays  onto a  f u l l  s i z e  ove r lay  o f  the c o n t r o l  map. 

2. Adaptat ion o f  Coordinate Sys tems 

De ta i l ed  a g r i c u l t u r a l  land use, un4 i ke  some o t h e r  types o f  land . 

use, i s  o f t e n  a  dynamic process, changing d a i l y .  To observe the q u a n t i t y  

of changes occu r r i ng  over an extended pe r iod  o f  t ime w i  1 1  requi re  the use 

o f  automatic data processing. To f a c i l i t a t e  such processing i t  w i  1 1  b  

necessary t o  index the f i e l d s  t o  p rov ide  f o r  r e t r i e v a l  o f  a l l  p r e v i  

da ta  foi* any given f i e l d .  Indexing must p rov ide  f o r  both worldwide loca-  

t i o n  and l o c a l  i d e n t i f i c a t i o n .  

a. 

The e a r l y  s c i e n t i s t s  who created the geograph i c  coord inate 

iystcrn d i  d no t  have rmdzrn day computers i n  m ind  when the system w a s  es- 

tab1 i shed, Consequently, any computations o f  distances o r  the record ing  o f  

l oca t i ons  requ i res  a  considerable number o f  ca l cu la t i ons  and d i g i t s .  Much 



o f  the ca l cu la t i ons  and numbering can be simp1 i f i e d  by the use o f  decimal 

f r a c t i o n s  o f  each degree o f  l a t i t u d e  o r  long i tude.  To a s s i s t  i n  computer 

processing, both the l o c a l  area coordinates and i n d i v i d u a l  f i e l d  coordin-  

ates, when used, have been es tab l i shed  i n  t h i s  s tudy by decimal f r a c t i o n s  

o f  each degree. I t  would a l so  be des i rab le  t o  per form area computations 

u t i l i z i n g  the geographic coordinates. The odd shaped f i e l d s  tha t  a r e  eq -  

countered throughout the wor ld  make such computations d i f f  i c u l  t and many 

problems need t o  be solved before  complete machine computations can be 

accompl ished. 

The f i e l d  shape problem i s  n o t  so great  i n  the Imper ia l  Val ley s i n c e  

most o f  the f i e l d s  are rectangular .  By us ing the decimal geographic coor- 

dinates a t  each corner o f  a f i e l d  the d is tance between po in t s  and the 

acreage can be ca l cu la ted  by a computer w i t h  o n l y  one a d d i t i o n a l  f ac to r  

inc luded i n  the machine i n s t r l i c t i o n s .  The f a c t o r  would be the length  o f  

one degree a t  any given para1 l e l  on the ea r th  g r i d .  

The decis ion t o  l oca te  the geographic coordinates o f  a f i e l d  a t  the  

coi-ner r a t h e r  than the center  o f  the f i e l d  may prove a handicap when l e s s  

rectangular  shaped f i e l d s  are encountered. For the present ,  geographic 

coordinates o f  the l oca l  region, as we1 1 as the f i e l d s ,  have been i n d i  ca-- 

t ed  f o r  the Greenwich/Equator (G/E)  corner  o f  the region o r  f i e l  d. The  

G/E corner i s  def ined as t h a t  corner  nearest  the 0" o r  Greenwich l ong i t ude  

and 0 "  or equa to r i a l  l a t i t u d e .  In the nor thern  hemisphere - west o f  Green- 

wich - the coordinate i s  i n  the southeast corner  o f  the f i e l d .  



b. Local  G r i d  System 

Of ten  i t  may be d e s i r a b l e  t o  i n d i c a t e  geographica l  coor-  

d inates For j u s t  the l o c a l  r eg ion  and use a l o c a l  index system f o r  i n d i -  

v i d u a l  f i e l d  l o c a t i o n ,  I f  l and  tenure does n o t  va ry  t o  any l a r g e  degree 

and once the  acreage f o r  a  g iven  f i e l  d  has been determined, the  index w i  I 1  

~ i ; a  re lh j l t i ve ly  constant .  A bas i c  land  u n i t  o f  160 acres (65 hec ta res)  

e x i s t s  throughout  t h e  lmper ia f  Va l ley .  H i s t o r i c a l l y ,  the  land u n i t  dates 

to the  o r i g i n a l  homesteading o f  t he  Val l e y  i n  1901 when the  Deser t  Lands 

hc t  p e r m i t t e d  the s e t t l  i n g  o f  160 acres. Un fo r t una te l y ,  t h e  survey i n  

e x i s t e n c e  a t  the  t ime was n o t  accura te  and the  c o r r e c t  term f o r  a  bas i c  

l a n d  u n i t  i n  the southern h a l f  o f  the  v a l l e y  i s  160 acres more o r  l ess .  

L a t e r  purchases o f  the r a i l r o a d  and school l a n d s  and t he  l and  i n  the  

nor thern p a r t  o f  the  va l  l e y  were made a f t e r  a  c o r r e c t e d  survey and t h e  

acreage had been more accu ra te l y  determined. The v a r i a t i o n s  between the  

southern h a l f  o f  the v a l l e y  can be seen on maps i n  t h e  appendices. The 

160 acres rep resen t i ng  a q u a r t e r  o f  the one square m i l e  (2.6 sq km) sec t i ons  

sf  the Township and Range cadas t ra l  survey p rov ide  a un i f o rm  one-ha1 f m i l e  

(0-8 km) to the s i d e  square p a t t e r n  throughout the v a l l e y ,  Consequently, 

a car tesean coord ina te  index  sys tem consi  s t i n g  o f  one-ha1 f m i  l e  d i  v i s  ions 

p rov ide  a n a t u r a l  l y  de r i ved  g r i d .  I t was necessary t o  use quar te r -m i  l e  

d i v i s i o n s  i n  the west c e n t r a l  a rea  around Brawley which was d i sp laced  one- 

q u a r t e r  m i  l e  i n  a  North-South d i  r e c t i o n  because o f  survey adjustments 

and inac.curacies. Where the b a s i c  land  u n i t  o f  160 acres has been d i v i d e d  

i n t o  s m a l l e r  f i e l d s  a l e t t e r  s u f f i x  has been added t o  t h e  index number. 

The s u f f i x e s  s t a r t  w i t h  the l e t t e r  ' A '  i n  the upper r i g h t  hand corner  and 

proceed counter-c lockwise around the 160 acre  u n i t .  



,S im i l a r  l o c a l  g r i d  systems i n  a l l  p a r t s  o f  the wor ld  should be f faci l -  

i t a t e d  by use o f  bas ic  land u n i t  theory. I n  a d d i t i o n  t o  h i s t o r i c a l  back- 

ground i n  land tenure, p o l i t i c a l  f a c t o r s  are a l s o  a considerat ion.  I n  the 

western Uni ted States,  the 1902 Land Reclamation Act  1 i m i t i n g  the d i s t r i -  

b u t i o n  o f  water from federa l  rec lamat ion p r o j e c t s  t o  owners o f  160 ac res  

has a pronounced e f f e c t  on the land u n i t .  Government con t ro l  and r e i o c a -  

t i o n  o f  a g r i c u l t u r a l  u n i t s  i n  areas such as the Mexical i Val ley o f  B a j a  

Cal i f o r n i a  have an e f f e c t  on the  land u n i t .  Other f a c t o r s  no doubt i n f l u -  

ence the establ ishment  o f  a bas ic  land u n i t .  Many o f  these cond i t ions  

become apparent once the f i e l d  areas a re  mapped and a study i s  made t o  

determine the  1 ocal pa t  tern.  

A s tep  by s tep  out1 ine o f  the procedures t o  be f o l  lowed i n  the 

i n t e r p r e t a t i o n ,  mapping and ana lys i s  o f  C I R  imagery i s  contained i n  

Appendix 6. 



Sec t i on  V 

C o r r e l a t i o n  o f  Photographic  I n t e r p r e t a t i o n  w i t h  Ac tua l  Ground Data 

Rece ip t  o f  t he  A p o l l o  9 C I R  photography p rov i ded  a  t i m e l y  i n p u t  f o r  

t e s t i n g  the  i n t e r p r e t i v e  and a n a l y s i s  system o u t l i n e d  i n  the  p reced ing  

s e c t i o n  and appendix B. The sequence o f  imagery i npu t s  f r om  a i r c r a f t  

overfl i g h t s  o f  t h e  Southern Cal i f a r n i a  t e s t  s  i t e  enabled t h e  NASA miss ion 

73 imagery t o  be used f o r  t h e  development o f  i n t e r p r e t a t i o n  p rocedu ra l  

methods, p r e p a r a t i o n  o f  t h e  base map, and f a m i l i a r i z a t i o n  t r a i n i n g .  T h i s  

p r e p a r a t i o n  p e r m i t t e d  t h e  A p o l l o  9 imagery t o  be used t o  p rov i de  t e s t i n g  

f the  p rocess ing  system as w e l l  as t e s t i n g  o f  smal l  s c a l e  C I R  imagery. 

A, A s s u m ~ t i o n s  and Methods o f  C o r r e l a t i o n  

The a v a i l a b i l i t y  o f  Crop Calendars f o r  many a g r i c u l t u r a l  areas sug- 

gests  t h a t  cons ide rab le  knowledge i s  a v a i l a b l e  a b ~ u t  ag r " i cu l t u ra1  areas 

of the wor ld .  Crop Calendars  can be used t o  reduce t he  crops wh ich  must 

be cons idered i n  a  g i ven  area a t  a  g iven  t ime.  The accuracy o f  determin-  

i ng  a g r i c u l t u r a l  land use can be cons iderab ly  improved i f  the area i s  

thought of  as a  r eg ion  of  known c u l t u r e  r a t h e r  than an unknown h o s t i l e  

m i  l i t a r y  t a r g e t .  Development o f  su r roga tes  o f  l o c a l  pecu l  i a r i  t i es  w i  1 1  

great1 y i nc rease  the accuracy o f  r e s u l  t s  . 
1. A  p r i o r i  Knowledge o f  t h e  Tes t  S i t e  Area 

I n  deve lop ing  the p rocess ing  system which l e d  t o  t he  i n t e r p r e -  

t a t i o n  of the A p o l l o  9 photography many ground surveys o f  t 4e  Impe r i a l  

Val ley were conducted and severa l  d iscuss ions were h e l d  w i t h  l o c a l  a g r i -  

cultursl adv i so r s .  The r e s u l t  was an accumulat ion o f  i n f o r m a t i o n  p e r t a i n i n g  



t o  the farming p rac t i ces  i n  the lmper ia l  Val l e y  which included the know- 

ledge t h a t  c e r t a i n  crops are  l o c a l i z e d  i n  product ion,  ( i  .e. , asparagus 

crops are centered around the l o c a l  cooperat ive assoc ia t ion  i n  the c e n t r a l  

area o f  the southwest corner o f  the v a l l e y  and c a r r o t s  are l o c a l i z e d  

around H o l t v i l l e ,  "The Carrot  Cap i ta l  o f  America", e t c . ) .  Add i t i ona l  

essen t i a l  preinforrnat ion  f o r  the Apol l o  9 photo i n t e r p r e t a t  ion  was made 

a v a i l a b l e  from Miss ion 73 ana lys is  w i t h  nea r l y  75 percent o f  the p rev ious  

crops being i d e n t i f i e d .  Thus,; the p laus i  b i  1 i t y  o f  crop sequences was 

ascer ta ined f o r  many o f  the f i e l d s  dur ing  the i n t e r p r e t a t  ion o f  the kpa l  lo 

9 photo. I n  o ther  areas, l o c a l  ized - a p r i o r i  knowledge may n o t  be ava i  l a -  

b l e  t o  the i n t e r p r e t e r ,  bu t  much o f  in fo rmat ion  can be developed from re- 

peated f l i g h t s .  Hence, the t e s t  o f  the processing system on the Apo% lo 9 

photo prov ided s i mu1 ated cond i t ions  tha t  could we1 1 e x i s t  a f t e r  several 

missions had been flown over  t he  area. 

2. Ground Surveys f o r  Cor re la t i on  Studies 

To prov ide  accurate data f o r  the development o f  crop s ignatures 

f o r  the Apol l o  9 photo, a ground survey o f  Imper ia l  Val l e y  was conducted 

co inc ident  w i t h  the f i r s t  day o f  Apol l o  9 a v e r f l i g h t s .  On t h i s  i n i t i a l  

survey, 586 f i e l d s  were examined and i d e n t i f i e d  represent ing 7.5 percent 

o f  the 7801 f i e l d s  subsequently i d e n t i f i e d .  

A f t e r  approximately one-hal f  of the s a t e l l i t e  photos had been in ter-  

p r e t e d ,  a second ground survey was conducted on May 10 w i t h  the data aP- 

ready obta ined reconstructed t o  the cond i t ions  e x i s t i n g  on March 12, the 

date o f  the Apol l o  9 photo. The second survey examined 447 f i e l d s  ( 5 . 7  

percent s f  t o t a l ) .  A t h i r d  survey was made on May 21 f o r  purposes no t  



connected w i t h  the  A p o l l o  9 photo a n a l y s i s ,  b u t  da ta  was ob ta ined  t h a t  

c o u l d  be recons t ruc ted  back t o  March 12  thus p r o v i d i n g  463 more f i e l d s  

(6  percent  o f  the  t o t a l )  f o r  i d e n t i f i c a t i o n  c o r r e l a t i o n  asoalysis, The 

three surveys p rov ided  a t o t a l  o f  1507 f i e l d s  (19 percen t  o f  t o t a l )  

visually i d e n t i f i e d  by ground inspec t ion .  The f i e l d  sample da ta  has 

been c o r r e c t ]  y  i n d i c a t e d  on the  f i n a l  A g r i c u l t u r a l  Land Use Map o f  the 

i n u e r i a ?  Va l l ey .  ( ~ p p e n d i x  C-3). 4 

3. Represen ta t i ve  S e l e c t i o n  o f  Survey Data 

L i k e  most s t a t i s t i c a l  c o r r e l a t i o n s ,  the  ques t i on  arose whether 

che 1.3 percen t  sample represented by t he  l a t t e r  two surveys was represen- 

t,tiwe o f  t h e  f i e l d  popu la t i on?  The s e l e c t i o n  o f  a  t r u l y  random sample 

I n  t h e  impe r i a l  Val l e y  was b iased  by t h e  usual  human choice o f  crops 

p l an ted  i n  a  g iven  l o c a t i o n  as w e l l  as phys i ca l  l i m i t a t i o n s  as t o  where 

a p a r t i c u l a r  type c rop  may be grown. No at tempt  was made t o  s e l e c t  ran- 

dom samples by the usual  s t a t i s t i c a l  methods. The f i r s t  t r a i n i n g  survey 

was no t  used i n  the c o r r e l a t i o n  a n a l y s i s ,  t h e r e f o r e  the  o n l y  e f f e c t  i t  

had on .:he c o r r e l a t i o n  was t o  e l  im ina te  some o f  the  p o s s i b l e  samples from 

d u p l i c a t i v e  e f f o r t s .  The two ground surveys t h a t  were used f o r  c o r r e l a t i o n  

a n a l y s i s  were n o t  complete ly  random i n  s e l e c t i o n ,  n o r  were they complete ly  

planned. Both were taken i n  the  more southern p o r t i o n  o f  t he  v a l l e y  i n  

o r d e r  t r ~ ~  o b t a i n  a  represenhat i ve  cross s e c t i o n  o f  crops. The l a r g e  acreage 

f i e l d s  (860 acres) n o r t h  o f  the eas t  s e c t i o n  were p a r t i c u l a r l y  avo ided 

because t h e y  are l i m i t e d  to the f i e l d  crops o f  a l f a l f a ,  b a r l e y ,  sugar beets ,  

and co"cton. Survey t ime was b e t t e r  spent  i n  areas o f  smal l e r  acreage f i e l d s  

who d e s i r e  t h i s  ground i n f o r m a t i o n  may f i n d  the rou te  o f  each su r -  
vey t rack  B i s t e d  i n  Apperd ix  C - 4 .  



and more d i ve rse  c rop  types. An i n d i c a t i o n  the l a t t e r  two surveys were 

a  rep resen ta t i ve  sample was t h a t  c o r r e l a t i o n  analys i s  perforrrred on them 

sepa ra te l y  r e s u l t e d  i n  almost i d e n t i c a l  f i n d i n g s .  A l a t e r  survey,  not 

i n c l uded  i n  t h i s  s tudy,  was g iven  a t e s t  c o r r e l a t i o n  w i t h  t he  i n t e r p r e t e d  

da ta  and the r e s u l t s  were again i d e n t i c a l .  Whi le  the  above d i d  not  y i e l d  

s t a t i s t i c a l l y  de r i ved  conf idence l i m i t s  o r  s i g n i f i c a n c e ,  t he  evidence 

p rov ides  a  bas is  f o r  be1 i e v i n g  the  conc lus ions drawn f rom the  c o r r e l a t i o n  

a re  v a l i d .  

8 .  

Data - 
The a r i d  condit30ns o f  the  Imper ia l  Va l l ey  make i t  a  s imp le  ma t te r  

to d i s t i n g u i s h  the  a g r i c u l t u r a l  land f rom the  non-agr icu l  tural ;  Bancl. To 

produce vege ta t i on  and t o  con t inue  i t s  growth requ i res  t he  i m p o r t a t i o n  

and appl i c a t i o n  o f  water .  Consequently, a  glance a t  the  Apol l o  9 photo- 

graph o f  the  lmper ia l  V a l l e y  i l l u s t r a t e s  the growing crop lands i n  their 

r ed  f a l s e  c o l o r  image. Even c rop land  t h a t  has no v i s i b l e  vege ta t i on  can 

be de tec ted  by t h e  sur roga tes  o f  su r f ace  mo is tu re  through i r r i g a t i o n  o f  

newly seeded f i e l d s ,  o r  the exposure o f  s o i l  mo i s tu re  through plowing, 

The ease w i t h  which a g r i c u l t u r a l  l and  can be de tec ted  w i t h i n  t he  Impen-ial 

Val l e y  on C I R  imagery makes t he  d e t e c t i o n  accuracy a t  the second -d ig i t  

l e v e l  o f  the A g r i c u l t u r a l  l and  use code n e a r l y  100 percent .  The corre la-  

t i on  a n a l y s i s  of  t h i s  s tudy  i s  then concerned w i t h  t he  accuracy o f  t he  

t h i r d  d i g i t  l e v e l  (p r imary  a g r i c u l t u r a l  c l ass )  and the f i f t h  d i g i t  level 

(spec i  f i c  c rop  type) .  3 

5 ~ n  Imper ia l  Va l l ey  and Coachel la V a l l e y  a g r i c u l t u r a l  land use map produced 
by Richard Francav ig l  i a  f rom Gemini V normal c o l o r  imagery was 1 i m i  t e d  t o  

th ree  ca tego r i es ,  i .e . ,  permanent crops, f a l l o w  land,  and f i e l d  c.rops. For 
f u r t h e r  in fo rmat  ion  see Bowden, 1967 and Nunel ly, 1968. 
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1 .  C o r r e l a t i o n  o f  S p e c i f i c  Crop I d e n t i f i c a t i o n  ( ~ i f t h  D i g i t  - 
Level ) 

Table I I  summarizes the  r e s u l t s  o f  the  c o r r e l a t i o n  between the 

Apo l l o  9 i n t e r p r e t e d  da ta  w i t h  t h e  ground survey da ta  f rom 912 f i e l d s  (13  

percen t  o f  t he  f i e l d  p o p u l a t i o n  t o t a l ) .  The o v e r a l l  accuracy o f  59.5 p e r -  

cent  f o r  the S p e c i f i c  Crop i d e n t i f i c a t i o n  i s  n o t  o n l y  a  poor  r e s u l t ,  Rut 

i t  a l s o  i s  a  poor  i n d i c a t o r  o f  t h e  ac tua l  r e s u l t s .  The e x c e l l e n t  resu l t s  

obta ined  i n  the Non-product ing and T r a n s i t i o n  c rop  lands i s  masked tiy the 

poor  r e s u l t s  ob ta i ned  f rom the t h ree  major  crops (ba r l ey ,  a l f a l f a ,  and 

sugar beets) i n  p roduc t i on  on t h e  date o f  the  Apol l o  9 f l  i g h t .  The \leg- 

e t a b l e  crops surveyed a re  t oo  few t o  be o f  s t a t i s t i c a l  s i g n i f i c a n c e .  11, 

p r ima ry  ques t i on  i s ,  "why i s  the i d e n t i f i c a t i o n  accuracy o f  f i e l d  crops 

so low ( 45  percen t )  and, i n  p a r t i c u l a r ,  why i s  the sugar beet  accuracy 

o n l y  20.5 percent?"  

An ana l ys i s  o f  e r r o r s  on the m i s i d e n t i f i c a t i o n  o f  the t h ree  ma in  

f i e l d  crops show the f o l l o w i n g  r e s u l t s :  

Table I l l :  Ana lys is  o f  E r r o r s  on F i e l d  Crop I d e n t i f i c a t i o n  

Crop Type I d e n t i f i e d  as ( % ) :  

E r r o r s  Ba r l ey  A l f a l f a  Sugar Beets Plowed l a n d  

Bar ley  87 58.3 22.6 

A1 f a1  f a  115 40.4 

Sugar Beets 105 29.5 



S e v e r a l  u-easons may e x i s t  f o r  such a  l a rge  pe rcen t  

most l i k e l y  be ing  t h a t  the  m a t u r i t y  o f  t h e  t h r e e  crops on March 1 

t h a t  they  g e n e r a l l y  p resen t  the same sma l l  s c a l e  C I R  c o l o r  i m y e .  Th 

d a r k  red d i d  no t  n e c e s s a r i l y  equate t o  one s p e c i f i c  type c rop  w i t h  l i g h t  

reds showing another  t ype  c rop .  No doubt, mo i s tu re  c o n d i t i o n s  I 

; ~ , d i v i d c r a i  f i e l d s  c rea ted  c o l o r  d i f f e r e n c e s  among a  s p e c i f !  

; spec ia l l y  a l f a l f a .  The 18.1 percen t  o f  t h e  a l f a l f a  f i e l d s ,  m i s i d  

:-- plobged land,  imp1 ies  mo i s tu re  was a  major  f a c t o r  i n  cau 

c ~ t i o n  e r r o r s ,  Another  f a c t o r  was t he  unusua l l y  l a r g e  number 

I - I ~ L ?  s u g a r  beet  f i e l d s  which s imu la ted  a l f a l f a .  The abnormal ai 

w i n t e r  r a i n s  o f  1968-69 germinated a  l a r g e  weed crop which i n  some cases 

e n t i r e l y  covered t h e  sugar 'bee ts .  The l a r g e  e r r o r  o f  f i e l d  crop i d e n t i f i -  

c a t i o n  i n d i c a t e s  t h a t  a d d i t i o n a l  i n f o rma t i on  i s  r e q u i r e d  a t  t h i s  t ime o f  

year  t o  p r o v i d e  s p e c i f i c  c rop  i n f o rma t i on .  

2. C o r r e l a t i o n  o f  Pr imary A g r i c u l t u r a l  C a t e g o r i z a t i o n  

The m a j o r i t y  o f  e r r o r s  w i t h i n  t h e  f i e l d  c rop  c l  

the c l a s s  i t s e l f  so t h a t  the  o v e r a l l  d i f f e r e n t i a t i o n  o f  Pr imary a g r i c u l -  

t u r a l  c lasses  was a  reasonable 88.5 percen t .  Ther t l e a s t  t h ree  

c o n t r i b u t i n g  f ac to r s :  ( 1 )  The separat  ion o f  the Non-producing ns i- 

t i o n  Crop Land was obv ious by t h e  non-red (b l ue  o r  n e u t r a l  c o l o r )  06 the  

f i e l d  are;). (2) The vege tab le  crops were s m a l l e r  s i z e  acreages (predomin- 

a n t l y  40 ac res ,  b u t  never  i n  excess o f  80 acres)  and f a m i l i a r i z a t i o n  w i t h  

the area p rov i ded  c l ues  as t o  t he  l o c a t i o n  o f  t h e  vege tab le  c rops ,  ( 3 )  T h e  

two main vege tab le  crops ( l e t t u c e  and on ions)  each had an e a s i l y  i d e n t i f i -  

a b l e  co lor  t h a t  enabled even t he  smal l  i n t e n s i v e  type acreages t o  be c l ass -  

i f i e d .  



3. A g r i c u l t u r a l  Land Use Not I d e n t i f i a b l e  o r  Not Detectable 

Several a g r i c u l t u r a l  land use categories w i t h i n  the  lmper ia l  

Val ley were n o t  recognizable on the  Apo l lo  9 imagery. I n  general, small 

areas ( less  than 20 acres (8 hectares))  could n o t  be es tab l  ished as d i s -  

t i n c t i v e  from other  croplands. However, three types o f  land use concerned 
* 

(feed l o t s ,  t ree  crops, and asparagus) a re  permanent type crops o r  land 

use and once establ  ished the i d e n t i f i c a t i o n  w i l l  remain constant f o r  

several years. These three land uses have been located on the  land-use 

map ( ~ p p e n d i x  C-3) by ground survey and have not  been inc luded i n  the  

c o r r e l a t i o n  s t a t i s t i c s  presented here. Inspect ion o f  images o f  several 

feed l o t s  on the Apol l o  9 photo reveals a c o l o r  t h a t  .matches plowed o r  

seeded f i e l d s .  Tree crop areas i n  the  lmper ia l  Va l ley  are too small  and 
@ 

too few t o  e s t a b l i s h  a c o l o r  s.ignature f o r  the Apol l o  9 image.6 Aspara- 

gus f i e l d s  are  found i n  a v a r i e t y  o f  stages i n  March w i t h  too few f i e l d s  

o f  s i m i l a r  m a t u r i t y  t o  e s t a b l i s h  a consistent  c o l o r  s ignature.  

C. Co r re la t i on  o f  Apol l o  9 Acreage Summary w i t h  Reported Crop Acreage 

Three times a year the Imper ia l  l r r i g a t i o n  D i s t r i c t  prepares a Report 

o f  Crops Growing. For tunate ly ,  one o f  the p e r i o d i c  r e p o r t i n g  dates i s  - 
March 15, which permi t ted  an exact acreage c o r r e l a t i o n  t o  be made. The 

I r r i g a t i o n  D i s t r i c t  Report i s  prepared from v i sua l  repor ts  by 30 zanjeros 

o r  " d i t c h  r i d e r s "  who con t ro l  water d e l i v e r i e s  t o  each f i e l d .  There i s  a 

poss i b1l. i  t y  o f  e r r o r s ,  i n  the r e p o r t i n g  system, bu t  over the  years i t  has 

become accepted by the va l  ley  farmers as "the re1 i able report".  

6 
However, the nearby Coachella Va l ley  has an abundance o f  date palms, c i t r u s  
groves, and vineyards which are detectable on C I  R from a i r c r a f t  a1 t i  tudes 

and general ly  i d e n t i f i a b l e  on the Apo l lo  9 imagery. 



1. Co r re la t i on  o f  S p e c i f i c  Crop Type Acreage ( ~ i f t h  D i g i t  Lev3l) 
1 

S p e c i f i c  crop type acreages a re  compared i n  Table I V .  The sum- 

mary f o r  g ra in  crops show t h a t  i t  was impossible t o  d i f f e r e n t i a t e  the wheat 

o r  oats from bar ley.  I n  f a c t ,  the o n l y  wheat o r  oats i d e n t i f i e d  on the 

Apol l o  9 photograph were those, f i e l d s  v i sua l  I y  checked by ground survey. 
I 

The forage crop summary 'reveals a d e f i n i t e  p re jud ice  i n  the i n t e r p r e t a t i o n  

evidenced by 18 percent more a l f a l f a  acreage being i d e n t i f i e d  than actual  l y  

e x i s t e d  a t  the time. A1 f a l f a  represents 34 percent o f  the  t o t a l  crop acreage 

i n  the va l l ey ,  hence an i n t e r p r e t e r  would be i n c l i n e d  t o  lean toward a l f a l f a  

i d e n t i f i c a t i o n  when i n  doubt. Another f a c t o r  i n  the  excess o f  a l f a l f a  

acreage i s  the suspected e f f e c t  on the c o l o r  o f  sugar beets by weed cover 

i n  the f i e l d s .  The tab le  reveals a l f a l f a  overest imated by near ly  the  

same acreage t h a t  sugar beets are underestimated. 

Vegetable crop accuracy: a t ta ined  on asparagus and o t h e r  crops i s  n o t  

shown s ince most were i d e n t i f i e d  from ground survey data, o r  from previous 

image i n t e r p r e t a t i o n .  The o n l y  three vegetable crops w i t h  s u f f i c i e n t  acreage 

t o  make a va l  i d  comparison are l e t t u c e ,  ca r ro ts  and onions. The h igh  per- 

centage o f  accuracy i n  i d e n t i f y i n g  l e t t u c e  i s  a conf i rmat ion o f  the d i s t i n c -  

t i v e  red record t h a t  l e t t u c e  presents i n  March i n  the  Imperial  Val ley.  On 

the o the r  hand, ca r ro ts  a r e  near the end o f  the harvest  season and consider- 

able e r r o r  can occur between the date o f  ground observat ion and the date o f  

the l r r i g a t i o n  D i s t r i c t s  report .  Lack o f  s u f f i c i e n t  i n i t i a l  ground survey 

data t o  e s t a b l i s h  a f i r m  c o l o r  record f o r  car ro ts  on the Apo l lo  9 image may 

a lso be a cause o f  the  d i f f e rknces  i n  the  c a r r o t  acreage. Onion crops have 

a d i s t i n c t i v e  c o l o r  on the  Apo l lo  9 image, bu t  many o f  t he  onion f i e l d s  are 



TABLE I V  

SUMMARY OF CORRELATION BETWEEN REPORTED AND DETECTED 

I b A G R l  CULTURAL CROP ACREAGE I N THE l MPERl AL VALLEY (/larch 15, 1969) 

S umma r y  : 

Agr i  cu l  t u r a l  Land Class 

Acreage D i  f fe rence 
J. .L Percent , - .. 

Reported Detected - 0ve r" - short '"  Accuracy 

811 F i e l d  Crops 315,858 292,440 
812 Vegetable Crops 21,162 20,574 
813 F r u i t  & Nut Crops 2,309 668 
81 86 Prepared & Seeded 51,160 50,980 
816 Pasture Land 6 82 120 

U n i d e n t i f i e d  Ag. Land 6,980 

Tota l  Land With Growing Crops 391,171 371,752 

818 Non-Productive Ag. Land 

Tota l  Ava i l ab le  Ag. Land 

l nd iv idua l  Crops: 

81 1 Fie1 d Crops 
1 1 1  Barley 
1 1  5 Oats 
1 1  8 Wheat 

Tota l  Grain Crops 

131 Short ~ r a s s   ye, ~ermuda) 14,714 4,490 10,224 
133 A1 fa1 f a  134,692 163,420 28,728 

Tota l  Forage Crops 

141 Sugar Cane 
142 Sugar Beets 

Tota l  Sugar Crops 

172 F lax  

TOTAL Fl ELD CROPS 

812 Vegetable Crops 
21 1 Asparagus 
221 Beans, Green ( ~ a v a )  
223 Peas, Green 
224 Okra 

231 Let tuce 
232 Celery 
234 ?a rs  1 ey 
236 Ch i Cory 
237 Mustard 

Tota l  Salad Crops 

a t  
P-'y v a l i d  comparisons o f  i n d i v i d u a l  crops have been made. No comparison has been 
L,-empted f o r  those crops i n  which the m a j o r i t y  o f  the  detected acreage reported i s  
the r e s u l t  o f  ground survey information ( i .e . ,  Wheat and oats).  



lnd lv ldua l  Crops (cont . ) :  

241 Broccol i  , I 

243 Cabbage 
244 Caul i f l awe r  

Total Cole Crops 

272 Carrots 
274 Potatoes (chi  nese) 

Total Root Crops 

282 Gar1 i c 
284 On ions 

Acreage D i  f f e  rence 
* * Percent * 

Reported Detected - Ove r Short - Accu racy 

Total Bulb Crops B 5,796 3,650 

TOTAL YEGETABLE CROPS - 21,162 20,574 

813 F r u i t  & Nut Crops 
314 Grapes 
322 1 1 .  r i  cots 

330 Ci t rus ,  Undi f ferent ia ted 
331 Crapefrui t  
333 L mon 
335 O r  a w e  
337 Tanger l ne 

Total C I  t rus  Crops 

342 Dates 
363 Pecans 

TOTAL FRUIT 6 NUT CROPS 

860 Prepared and Seeded Land 
113 Corn 80 
114 Sorghum, Grain 9,510 
132 T a l l  Grass (~udan )  1,145 
151 Cotton 20,888 

Total Seeded Fie1 d Crops 31,623 

250 Melons, Undi f f e r e n t i  ated 1,053 
251 Cqn taloupes 11,861 
252 Cucumbers 5 0 
253 Crenshaw melons 22 
255 Squash 3 36 
256 Watermelons 3 709 

Total Curcubi t Crops 17,031 

TOTAL PREPAREDBSEEDED LAND --51-,1160 180 
,." * . '-: 

* 
Only v a l i d  comparlsons of ind iv idua l  crops have been made. No comparison has been 
attempted f o r  those crops i n  which the ma jo r i t y  of the detected acreage reported i s  

B L. ,, ' 1 
the r e s u l t  o f  ground survey information ( i .e . ,  Wheat and oats), 



Other Agr icu l tura l  Land 

Acreage 

Reported Detected 

610 Pasture iand 6 82 
Unident i f ied  Ag. Land 

81 8 Non-P roduct ive Land 
810 Fa1 low Land 
820 Plowed Land I 

830 Land Being Reclaimed: Leached 
840 Abandoned Ag. Land 
850 Harvested Land 



smal l and d i f f i c u l t  t o  de tec t  which i s  the  reason f o r  most o f  t he  d i f f e r -  

ence i n  on ion  acreage comparison. 

Ground i nspec t i on  permi ts  the f i e l d  surveyor  t o  see c e r t a i n  type 

crops t h a t  have been p l a n t e d  ( i .e . ,  melon p l a n t s  under caps),  b u t  such 

F i e l d s  presen t  o n l y  a s i n g l e  b l u i s h  c o l o r  tone on the A p o l l o  9 image. 

:i;e r ~ s u l  t o f  s o i l  r e f l e c t i o n  m d i f i e d  by  i r r i g a t i o n .  There fo re ,  these 

c ogs where i d e n t i f i e d  by i r r i g a t i o n  D i s t r i c t  r e p o r t  have been grouped 

~ ~ c l e r  tbe  Apo l l o  9 c l a s s i f i c a t i o n  o f  prepared o r  seeded. The 99.6 percen t  

.:curacy f o r  t h i s  c l ass  o f  l and  use v e r i f i e s  how easy i t  i s  on C I R  imagery 

r ,  identify f i e l d s  t h a t  have been seeded and a re  under i r r i g a t i o n .  

The l r r i g a t i o n  D i s t r i c t  r epo r t s  non-product i  ve l and  o n l y  once pe r  

year  so t h a t  no comparison can be made f o r  the month o f  March. However, 

the  d e t e c t i o n  o f  t h i s  acreage by i t s  1 i g h t ,  a lmost  n e u t r a l ,  c o l o r  enables 

an oarera?ll comparison t o  be made o f  l and  a v a i l a b l e  f o r  fa rming  w i t h i n  t he  

Imperial Val l ey .  

2. C o r r e l a t i o n  o f  Pr imary A g r i c u l t u r a l  Class Acreage  h hi r d  

Di g i t Level  ) 

The summary o f  acreage by a g r i c u l t u r a l  c lass  conf i rms some of 

the f i n d i n g s  presented i n  t h e  s p e c i f i c  c rop  i d e n t i f i c a t i o n  c o r r e l a t i o n  

discussed above. A l  though s p e c i f i c  c rop  type cannot always be i d e n t i  f i ed ,  

t he  c lass  (i . e . ,  f i e l d  crop,  vegetable crop, seeded land) ma in ta ins  con- 

s i s t e n c y  i n  d e t e c t i o n  as i n d i c a t e d  by ove r  90 percen t  accuracy i n  e s t a b l i s h -  

i n g  a c : - e a J 3  fc r  tl7e t h r e e  major c lasses o f  a g r i c u l t u r a l  land use, f i e l d ,  

vegetablle, t r a n s i  t i on  and non-product ive.  



3.  Cor re la t i on  o f  To ta l  C u l t i v a t e d  and Avai 1 able Crop1 and 

Acreage 

A s l i g h t  d i f f e rence  o f  5.2 percent between C I R  detected acreage 

under c u l t i v a t i o n  and repor ted  acreage i s  a  t o l e r a b l e  e r r o r  o f  the i n t e r -  

p r e t a t i o n  system. The method ,used i n  the detected acreage summary i r ;  t o  

l i s t  the t o t a l  gross acreage o f  a  crop as est imated from the base map aird 

automat ica l l y  deduct 10 percent  from t h e  gross acreage f o r  roads, canals ,  

dra ins,  s e r v i c e  areas, and farm areas. Ten percent  has been es tab l  ished 

w i t h i n  the Imper ia l  Val l e y  as the average acreage t h a t  i s  l o s t  from tlbe 

product ion o f  each f i e l d  f o r  these var ious purposes. Also e r r o r s  may 

occur because the f i e l d s  i n  the southern h a l f  o f  the v a l l e y  are n o t  a lways  

exact  d i v i s o r s  o f  160 acres ( the  bas i c  land u n i t )  due t o  e r ro rs  i n  the 

survey system e x i s t i n g  a t  the t ime the  land was homesteaded. 

The t o t a l  es t imate  o f  464,932 acres (188,158 hectares) o f  a g r i c u l -  

t u r a l  land w i t h i n  the Imper ia l  Va l l ey  i s  w i t h i n  2 percent o f  t h a t  r e p o r t e d  

avai l a b l e  dur ing  the year  1968 (474,437 acres (189,775 hec ta res ) ) .  The 

l a t t e r  est imate i s  we1 1 w i t h i n  accuracy to le rance o f  the processing system, 

D, Consistency o f  E r r o r  Between Cor re la t ions  

The major sources o f  e r r o r  i n  the two c o r r e l a t i o n s  above were . found 

i n  d i f f e r e n t i a t i n g  between the same crop types ( a l f a l f a ,  sugar beets,  a n d  

bar ley)  and i n  the same propor t ions  i n  both c o r r e l a t i o n s .  A comparison o f  

e r r o r s  f o r  these three crops i n  the two c o r r e l a t i o n s  i s  shown below: 



Table V. Comparison o f  Er rors  o f  Selected F i e l d  Crops 

I d e n t i f i c a t i o n  Cor re la t i on  Acreage Corre l  a t i o n  - 
Percent Over Percent Short - 

1 1 1  Bar ley  18.3 4,479 

133 A l f a i  f a  5 3 . 7  28,728 

142 Sugar  beets 35.4 

The discrepancies i n  the i d e n t i f i c a t i o n  c o r r e l a t i o n  o f  Tab le  la represents 

d i f f e r e n c e  remaining a f t e r  adjustment fo r  ci -OSS- ident i f ic .at ion,  ( i  .e., 

58-3 percent o f  the bar ley  f i e l d s  surveyed were i d e n t i f i e d  as a l f a l f a  

h i  l e  o n l y  40 percent  o f  the a l f a l f a  f i e l d s  were cross i d e n t i f i e d  as bar ley ,  

:cawing a t o t a l  shortage o f  18.3 percent  i n  ba r ley  f i e l d  i d e n t i f i c a t i o n . )  

The i nab i  1 i t y  to  d i  f f e r e n t i a t e  accurafe ly  between these major crops 

reaffirnrs the  problem o f  c o l o r  v a r i a t i o n s  f o r  s p e c i f i c  crops. ?mpr;ovement 

i n  ideratVif ication accuracy from s a t e l l i t e  C I R  imagery w i l l  occur w i t h  b e t t e r  

s ta lndardi  za t i on  o f  C I  R c o l o r  records. However, improvement may be obta ined 

f rom b e t t e r  reso lu t i on  o r  by t ime-lapse photography. 



Sbct ion  V I  

Con c l  us i on 

The p roduc t i on  o f  a  complete a g r i c u l t u r a l  land use map f rom smal l  

s c a l e  s a t e l l i t e  imagery o f  a  r eg ion  such as t h e  Imper ia l  V a l l e y  i s  most 

encouraging ( ~ p p e n d i x  C-3). Two f a c t o r s  perrni t t e d  t he  a t ta inment  o f  t h i s  

goal : ( 1 )  C I R  imagery t h a t  p rov ided  d i s t i n c t i v e  c o l o r  records o f  t h e  

separate c rop  types, and (2) a v a i l a b i  1 i t y  o f  - a p r i o r i  i n f o rma t i on .  W i t h -  

ou t  e i t h e r  the t ask  would have been imposs ib le .  

Lack o f  accuracy i n  d i f f e r e n t i a t i n g  i n d i v i d u a l  crop types was due 

t o :  ( 1 )  l a c k  o f  s u f f i c i e n t  research i n t o  the s u b t l e  v a r i a t i o n s  o f  indivf- 

dual c rop  c o l o r s  recorded on C I R  imagery a t  Apol l o  9 r e s o l u t i o n ,  and ( 2 )  

l a c k  o f  sequent ia l  o r  t ime- lapse imagery designed t o  take advantage o f  

seasonal c rop  c o l o r  v a r i a t i o n s .  A v a i l a b i l i t y  o f  t ime  o r i e n t e d  imaget-)i 

would improve n o t  o n l y  t he  a b i l i t y  t o  d i s t i n g u i s h  between crop c o l o r  s i g -  

na tu res ,  b u t  would a l s o  a s s i s t  i d e n t i f  icat - ion by p r o v i d i n g  a permanent 

h i s t o r y  o f  t he  i n d i v i d u a l  f i e l d  u n i t s .  

The l abo r i ous  t ask  o f  complet ing t h e  t e s t  mapping i n  t h i s  s tudy has 

shown t h a t  t i m e l y  a g r i c u l t u r a l  land use mapping f rom volumes o f  imagery 

t h a t  may soon be ob ta ined  f r om sate1 1 i tes  w i l l  r e q u i r e  automat ic  o r  sem i -  

-*automatic p rocess ing  u t i l i z i n g  an app rop r i a te  l and  c l a s s i f i c a t i o n  system, 

Repeated surveys o f  a  reg ion  w i l l  be f a c i l i t a t e d  by t h e  maintenance of a 

h i s t o r i c a l  f i l e  o f  i n d i v i d u a l  f i e l d  u n i t s  o r  c e l l s ,  e s p e c i a l l y  when u t i t  f -  

z i n g  sequent ia l  o r  t ime- lapsed imagery. Ce r ta i n  c r i t e r i a  f o r  a  serni-auto- 

mat i c  system have been ou t1  ined here wi t h  t h e  i n t e n t  t h a t  a  computer can be 

employed i n  the  system t o  p rov ide  da ta  s to rage  and r e t r i e v a l  as we1 l as pes-  

forming the i d e n t i f i c a t i o n  task  f rom i npu t  data read d i r e c t l y  from the  



ii 

Because o f  the  dependence o f  automat ic  image readout sys terns, i n c l u d i n g  

electronic image analyzers ,  on the  image c o l o r  v a r i a t i o n s  f o r  per fo rming  crop 

i d e n t i f  i c a t i o n s ,  cont inued research must be conducted i n t o  the  c rop  c o l o r  

v a r i a t i o n s  t h a t  a re  be ing  recorded on C I  R and B/W m u l t i s p e c t r a l  imagery. 

H o p e h u l l y ,  r e s u l t s  o f  f u r t h e r  i n v e s t i g a t i o n  w i l l  pe rm i t  e l e c t r o n i c  a n a l y s i s  

e q w i p ~ w n t  to  d i f f e r e n t i a t e  i n  s p i t e  o f  i n c o n s i s t e n t  s u b t l e  image c o l o r  v a r i a -  

t i o n s  f o r  a p a r t i c u l a r  crop. Subsequently, an e n t i r e  image o f  a reg ion ,  l i k e  

the  Impe r i a l  Va l l ey ,  can thus be r e l i a b l y  i n t e r p r e t e d  by f u l l y  au tomat ic  

methods i n  a very  few minutes. , 
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Append i x A 

D e s c r i p t i o n  o f  lmpe r i a l  V a l l e y  

1 ,  

Geographica l ly  the Imper ia l  Va l l ey  i s  bounded between l a t i t u d e s  

3 2 - 7 "  hlorth and 33.3' Nor th  and long i tudes  115.3' West and 115.8' West. 

An area of 34 s t a t u t e  m i l e s  (54 km) eas t  and west and 48 s t a t u t e  mi les  

I 7 4  km) n o r t h  and south,  i t  encompasses 655,680 acres (262,272 hec ta res )  

between t h e  h i g h l i n e  i r r i g a t i o n  canals  whLch bound the  eas t  and west 

sides o f  the v a l l e y .  Wi- thin t he  above acreage t he re  i s  a  t o t a l  o f  

474,437 (189,775 hec ta res )  farmable acres w i t h  an a d d i t i o n a l  14,716 

acres (5,866 hec ta res )  devoted t o  farms i n  homes, feed  l o t s ,  c o t t o n  g i n s ,  

cxpesimental  areas, and a g r i c u l t u r a l  i n d u s t r i a l  areas. Another 71,818 

acres (28,727 hec ta res )  a r e  i n  d ra i ns ,  canals,  r i v e r s ,  r a i  1 roads, and 

roads, Urban r e c r e a t i o n  areas (bo th  parks and l akes ) ,  and r u r a l  schools  

account f o r  12,498 acres (5,000 hec ta res ) .  The remain ing acreage i s  
F' 

m o s t l y  i n  undeveloped land.  

The East H i g h l i n e  Canal t rends  a long t h e  sea l e v e l  con tour .  The 

Al l -Amer ican Canal, a long  the U.S.-Mexican border ,  drops from 35 f e e t  

(10 meters) above sea l e v e l  a t  the j u n c t i o n  w i t h  the East High1 i ne  Canal 

to  10 Feet (3 meters) below sea l e v e l  a t  the  j u n c t i o n  w i t h  the Westside 

Main Caraal. The Westside Main Canal drops f rom 10 f e e t  (3  meters)  below 

sea level a t  the i n t e r n a t i o n a l  border  t o  175 f e e t  (52 meters) below sea 

level  i n  the nor thwest  co rner  o f  the v a l l e y .  The lowest  e l e v a t i o n  i n  

t h e  v a l  ley i s  the southern shore1 ine  o f  the Sal ton  Sea which fl uc tua tes  

between -231 f e e t  (-69 meters) and -234 f e e t  (-70 meters) .  The h i g h  water  

l e v e l  occurs i n  A p r i l  and the low wa te r  mark i n  October. Contour 1 ines 

reveal a g e n t l e  s lope  f rom the southeast  co rner  t o  the  nor thwest  corner .  



The s lope  has an average f a l l  o f  7 f e e t  p e r  m i l e  (2.1 meters per  k m ) ,  

The n o r t h e a s t  co rner  near  N i  land, however, i s  s t e e p l y  s l o p i n g  w i t h  an 

average fa1  1 o f  80 f e e t  p e r  m i l e  (24.4 meters pe r  km). 

2. C l imate  

The c l i m a t e  i s  s u b - t r o p i c a l  a r i d . 7  S l i g h t l y  less  than 3 inches (76 

mm) o f  annual average r a i n f a l l  occurs  between August and A p r i l  w i t h  0 .75  

i n c h  (19 mm) o c c u r r i n g  i n  August and September as summer thunderstorms 

o r  "c loudburs ts . "  The e f f e c t  o f  t h i s  meager r a i n  i s  s l  i g h t  as r e f  1ec;ted 

by t he  ba r ren  d e s e r t  su r round ing  t he  v a l  l e y .  Consequently, moi s t u r e  con- 

t e n t  o f  s o i l  and f i e l d s  i s  c o n t r o l l e d  e n t i r e l y  th rough  i r r i g a t i o n  w h i c h  

p rov ides  a  comp le te ly  a r t i f i c i a l  mo is tu re  env i ronment  f o r  the  s tudy  area. 

Table  V l  o u t l i n e s  the V a l l e y ' s  c l i m a t e  data.  Normal mean annual tempera- 

t u r e  o f  72°F ( 2 2 . 2 " ~ )  o n l y  h i n t s  a t  t h e  extreme summer temperatures.  The 

mean d a i l y  maximum temperatures d u r i n g  t he  months o f  June through Septem- 

be r  ranges f r om 103°F ( 3 9 . 4 " ~ )  t o  108°F ( 4 2 . 2 " ~ )  w i t h  dai  l y  maximums o f  

115°F ( 4 6 . 1 " ~ )  be ing  normal and random maximums o f  122°F ( 5 0 . 4 " ~ )  no t  u n -  

common. H igh  evapora t io t i  r a t es ,  ove r  12 inches (30 cm) f o r  one summer 

month, h e l p  account f o r  t he  s t a b l e  l e v e l  o f  t h e  S a l t o n  Sea even though 

the  sea i s  a  catchment f o r  a l l  excess i r r i g a t i o n  wa te r .  

From t h e  t ime  the  f i r s t  i r r i g a t i o n  waters  f l cwed  i n t o  t h e  valley on 

June 21, 1901 t h e  area has presented an i d e a l  s i t e  f o r  s t udy  o f  i s o l l a t e d  

a g r i c u l t u r a l  l and  use. Lush f i e l d s  p resen t  a  s t r i k i n g  c o n t r a s t  t o  b a r -  

ren dese r t  as many s a t e l l i t e  photos have shown. Except f o r  t h ree  wi-tter 

7 ~ h e  c l i m a t e  i s  c l a s s i f i e d  as s u b - t r o p i c a l  r a t h e r  than t r o p i c a l  even though 
the mean o f  t h e  c o l d e s t  month i s  ove r  50°F because f r o s t  occurs i n  nore 
than 40 n i g h t s  d u r i n g  the  w i n t e r .  



TABLEVI-I CLItlATIC DATA FOR THE IMPERIAL VALLEY 

Sect ion  1 .  Annual Normals 

B raw1 ey  Ca lex ico  E l  Centro  imper ia l  

Average pros t Free Days 317 316 
.L 

Mean Date o f  F i r s t  F r o s t  Dec. 1 1  Dec. 2$ Dec. 28" 
-1. .L 

Mean Date of Last F r o s t  Jan. 28 Jan. 31" Jan. 23" 

Actual  Number of F r o s t  N ights  48 3 7 42 5 1 

Mean Yumber o f  Days 90°F o r  
O V ~  %" 182 

Mean N ~ j ~ i k e r  of Days 90°F o r  
un de r- 7  

Mean Max. Temp. 

Mean M i n .  Temp, 

Record Mean 

Degree Days ( ~ o v - ~ a r )  

Degree Days ( A ~  r - 0 c t )  

Mean A n n u a l  Preci ip i  t a t i o n  

Average Number o f  Days .O1 
Beecip, or m r e  (0.25mm) 

Average Number o f  Days .I0 
Precip, or mre (2-54mm) 

Average Number of Days .50 
Prec ip ,  O P  m r e  0 

1 1 7 ( 4 7 . 6 " ~ )  

88.2(31 - 5 " ~ )  

5 6 . 8 ( 1 3 . 9 " ~ )  

72.6 ( 2 2 . 7 " ~ )  

2 6 ( - 3 . 4 " ~ )  

1086 

3  

2.84(72.  lmm) 

.L 

" 1  966 ONLY 
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months the va l ley  I s  almost 100% cloud free and these three w l n t e r  months 
months the va l l e  i s  almost 100% cloud f ree and these three w in te r  months 8 have more than 8 % o f  the possib le sunshine. Target t imetables f o r  imaging 
have more than 80% o f  the possib le sunshine. Target timetables fo r  imaging 
o v e r f l i g h t s  w t l l  seldom have any problems w i t h  cloud cover. 
ove r f l i gh t s  w i l l  seldom have any problems w i t h  c loud cover. 



Appendix 6 

I n t e r p r e t a t i o n ,  Mapping, and Analys i s  Procedures 

T r a d i t i o n a l l y ,  l and  use mapping has been a long, ted ious ,  manual 

process. Attempts a r e  b e i n g  made t o  reduce t h e  task  t o  a complete ly  auto-  

m a t i c  process through t he  use o f  image o r  a n a l y s i s  equipment. The pre- 

v i o u s l y  mentioned i n d i v i d u a l  crop c o l o r  v a r i a t i o n s  o f t e n  prevent  automat k c 

equipment f rom ach iev ing  s a t i s f a c t o r y  r e s u l t s .  One may specu la te  t h a t  

t h i s  problem w i l  1 r e q u i r e  some a g r i c u l t u r a l  f i e l d s  t o  always be examined 

i n d i v i d u a l l y .  I n  f a c t ,  i n d i v i d u a l  f i e l d  examinat ion i s  the  bas is  f o r  the  

system descr ibed.  I t  i s  a system which can evo lve  from a manual method 

and be developed i n t o  a semiautomatic and perhaps au tomat ic  system, The 

system i s  n o t  complete ly  dependent on c o l o r  s i gna tu res  b u t  takes advantage 

o f  env i  ronmental f a c t o r s  as we1 l as o t h e r  i n fo rma t i on  a v a i l a b l e  about. 

a g r i c u l t u r a l  p r a c t i c e s  i n  the s tudy  area. B a s i c a l l y ,  the process requires 

data  t o  be read f rom the image by a human equipment ope ra to r ,  f e d  t o  the 

computer, and t he  computer (on the  bas i s  o f  i n f o rma t i on  p r e v i o u s l y  provided) 

w i  1 1  determine the  type o f  land  use. The procedure i s :  

( 1 )  Prepare base map, 

(2) E s t a b l i s h  Crop Calendar f o r  the  da te  o f  the imagery, 

(3) Over lay base map on imagery o r  p r o j e c t  imagery on to  t he  base map, ~ 

( 4 )  Es tab1 i s h  Crop S igna tu re  c o l o r  values f rom ground survey  ites t 
f i e l d s ,  

(5) Determine and reco rd  f i e l d  l o c a t i o n ,  

(6 )  Determine and record  f i e l d  c o l o r  values by use o f  c o l o r  i , e . ,  
densj tometer  o r  s i m i l a r  device, 

(7) Per form computer c rop  i d e n t i f i c a t i o n ,  

(8) Prepare f i n a l  a g r i c u l t u r a l  l and  use map i .e. ,  manual ly o r  by com- 
p u t e r  graphics.  



b.dc!i t iona l  commnts and d iscuss ion  o f  the e i g h t  b a s i c  s teps :  

1 

P repara t ion  o f  the  l o c a l  base map has been p r e v i o u s l y  discussed, 

One o f  the more impor tan t  s teps i n  de l  i m i  t i n g  the number o f  crops 

v f l - ! c h  m u s t  be examined i s  t o  determine those crops under c u l t i v a t i o n  on 

5 Je date  o f  the imagery. The ca lendar  i s  bes t  e s t a b l i s h e d  From the annual 

rvoF ca lendar  f o r  the  l o c a l  a g r i c u l t u r a l  area be ing  examined, (Table V I  B ,  

, ,? List of Major Crops Under C u l t i v a t i o ?  on March 12 prepared f o r  the 

r ~ t e  o f  the Apo l l o  9 photo o f  the  lmper ia l  Va l l ey . )  I n  the Imper ia l  

1 s l i l ey  the re  a r e  approx imate ly  48 d i f f e r e n t  crops be ing  c u l t i v a t e d  through- 

out the year, b u t  seldom a r e  t h e r e  more than h a l f  o f  these under cu l  t i v a -  

tion a t  any one t ime. Crop ca lendars must be used w i t h  cau t i on  s i nce  

t h z y  a r e  on1 y a "c lose approx imat ion"  o f  t he  average cond i t i ons  and a 

s . i G t  i n  cl imate o r  market cond i t i ons  can a l t e r  c u l t i v a t i o n  o r  h a r v e s t i n g  

p l a n s .  ( i  ,e., sugar beets  a re  shown on the lmper ia l  Val l e y  crop ca lendar  

as b e ~ ~ n g  complete ly  harves ted  by mid-Ju ly .  Yet  i n  1969 t he re  were s t i l l  

sugar  beets i n  the  ground on the l a s t  day o f  J u l y .  Th is  was caused by a 

three ~ e e k  t r u c k e r  s t r i k e  and mechanical f a i l u r e  i n  the Union Sugar P l a n t .  

I n  8968, the  p l a n t i n g  o f  c o t t o n  was de layed 6 t o  8 weeks because o f  p r e -  

d i c t e d  i n s e c t  invas ion. )  

Many e r r o r s  have occur red  and much time has been l o s t  i n  per fo rming  

l a ~ d  .jse napping f rom imagery by a t t emp t i ng  to view the image t ransparency 



TABLE V I  I 

L i s t  o f  Major  Crops 
Under C u l t i v a t i o n  on March 12 i n  Imper ia l  V a l l e y  
( ~ r o m  t h e  Crop Calendar o f  the Imper ia l  v a l l e y )  

A. Crops Showing Vegeta t i ve  Cover 

F i e l d  Crops 

1 1 1  Ba r l ey  ( ~ i  d-Season s tage)  

1 18 Wheat ( ~ i  d-Season s tage)  

131 Shor t  Grasses  y ye, ~e rmuda )  

133 A1 fa1 f a  

142 Sugar Beets  e ear F u l l  ~ a t u r i t ~ )  

172 F l a x  ( ~ l o o m i n g )  

Vegetable Crops 

21 1 Asparagus ( ~ e i n g  Harvested) 

231 Le t t uce  (Harves ted,  Being Plowed under) 

232 Ce le ry  

272 Car ro ts  ( ~ n d  o f  Harvest  season) 

282 Gar1 i c 

284 Gn ions (under ~ a r v e s t )  

F r u i t  and Nut Crops 

330 C i t r u s  F r u i t ,  U n d i f f e r e n t i a t e d  

342 Dates 

363  Pecans ( ~ l o o m i n g )  

B. Crops P lan ted  o r  Seeded and I r r i g a t e d ,  b u t  Not Showing Vegeta t i ve  Cower 

F i e l d  Crops 

114 Gra in  Sorghum ( P l a n t i n g  Season One Week o l d )  

131 T a l l  Grasses ( ~ u d a n )  ( p l a n t i n g  Season Two Weeks 01  d) 

151 Cot ton  ( ~ i e l d s  Prepared, b u t  Not Yet seeded) 

Vegetable Crops ( ~ i e l d s  Seeded and I r r i g a t e d )  

250 Melons, U n d i f f e r e n t i a t e d  

251 Cantaloupes (P l  anted w i  t h  Caps on) 

256 Watermelons (p l an ted  w i t h  Caps on) 

263 Tomatoes (P  1 anted) 
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smal l  over  smal l  areas o f  the e a r t h ,  b u t  increase as the  area increases,  

The en la rged  70 mm. Apol l o  photograph, cove r i ng  an area approx imate ly  

100 m i l es  (161 km) on each s i de ,  r equ i red  very  l i t t l e  r e c t i f i c a t i o n  t o  

b r i n g  i t  i n t o  r e g i s t e r  w i t h  the  base map. 

E s t a b l i s h i n g  Crop Color  S ignature f rom Ground Survey Data 

S u f f i c i e n t  research and exper imenta l  da ta  has n o t  been obtainled t o  

e s t a b l i s h  un i f o rm  c rop  c o l o r  s i g n a t u r e  va lues a t  present .  The values w i  l l 

have t o  be e s t a b l i s h e d  from the imagery be ing  analyzed. Enough informa- 

t i o n  has been ob ta ined  t o  e s t a b l i s h  gross r e l a t i v e  c o l o r  d i f f e rences  be- 

tween crop types,  b u t  i t  s t i  l l  i s  necessary t o  e s t a b l i s h  a s i n g l e  refer- 

ence Bevel o f  c o l o r  tone f rom the p a r t i c u l a r  imagery be ing  analyzed, 

Hmewer, the task i s  n o t  insurmountable. I n i t i a l  c o l o r  dens i t ome t r i c  

readings taken o f  a  new s e t  o f  imagery should be o f  ground survey test 

s i t e s .  The t e s t  f i e l d s  w i l l  serve as the " t r a i n i n g "  areas f o r  t he  in ter-  

p r e t e r  (manual o r  au tomat ic ) .  Data f rom these readings can then be used 

to  es t ab l  i s h  the c o l o r  values p l aced  i n  the Crop S igna tu re  t ab les  o f  t h e  

computer program f o r  crop i d e n t i f i c a t i o n .  

5. Determine and Record I n d i v i d u a l  F i e l d  Loca t ion  

The dual coord ina te  system e s t a b l  i shed on the l o c a l  base map as  

p rev ious l y  descr ibed  permi t s  two methods o f  f i e l  d  l o c a t  ion  t o  be entered 

i n t o  the  computer data. When image data reduc t ion  i s  be ing  performed man- 

u a l  l y ,  the f i e l d  l o c a t i o n  can be recorded by the less  complex l o c a l  g r i d  

system. When da ta  readout i s  be ing  performed by use o f  x - y  coord ina te  

equipment, i t  may be d e s i r a b l e  t o  record  the geographic coord ina tes  s f  the  

f i e l d  which p rov ides  the computer w i t h  s u f f i c i e n t  da ta  t o  per fo rm acreage 

c a l c u l a t i o n s .  



6 ,  Determine and Record I n d i v i d u a l  F i e l d  Co lo r  Values 

To main ta i n  c o l o r  cons is tency,  c o l o r  measurements should be per -  

formed w i t h  a c o l o r  photo dens i tometer  o r  s i m i l a r  device. An arrangement 

shoii l ld bemade whereby, i f  t h ree  c o l o r  readings a re  necessary f o r  each 

f i e l d ,  t h e y  shou ld  bemade a t  t he  same t i& t h a t  the  f i e l d  coord ina tes  

a r e  o b t a i n e d .  The th ree  readings must a l l  be o f  an i d e n t i c a l  spo t  us i ng  

the d i f f e r e n t  c o l o r  separa t ion  f i l t e r s  (green, red, and b l u e  ) o f  t he  

densi  tonseter. Regular pho to  densi tometers have spo t  s i zes  f rom 1 t o  4 

m r ,  I F  the f i e l d  s i z e  i s  more than 5 t imes l a r g e r  (15-25 mm.) than the 

densZtometer  spot  s i z e ,  i t  may be prudent  t o  take a t  l e a s t  t h ree  separ- 

a t e  s p o t  readings i n  a f i e l d  and average c o l o r  va lues.  

7 ,  Perform Computer Crop i d e n t i f i c a t i o n  

Bnc above procedures have been des igned so t h a t  recorded da ta  f o r  

each f i e l d  may be p rov ided  as a computer i n p u t  f o r  subsequent i d e n t i f i -  

ca t i on ,  l o  per form computer i d e n t i f i c a t i o n ,  pre-programming o f  the  com- 

o t x t e r  v v i  t h  i d e n t i  f i c a e i o n  t ab les  i s  necessary, A minimum number and 

s b z e  of t a b l e  can be achieved by u t i l i z i n g  the  l o c a l  c rop  ca lendar .  The 

c:-sp ca lendar  consol i da tes  most o f  the  c u l t u r a l  and phys i ca l  env i r on -  

mental f a c t o r s  i n t o  a conc ise  1 i s t  o f  the type o f  crops g r m n  i n  the area 

scd t he  dates these crops can p o s s i b l y  be grown. I n  the past ,  i n t e r p r e -  

t e r s  have qua1 i t a t i v e l y  used the c rop  ca lendar  i n  t h e i r  work, b u t  i n  

e s t a b l  i s h l n g  a computer program a more concious e f f o r t  must be employed 

t o  insure cons ide ra t i on  o f  a1 l f a c t o r s  and reduce expensive process ing 

t i m e .  i d t i l  i z i n g  a t a b l e  search method f o r  computer i d e n t i f i c a t i o n ,  the 

p rocedure  may l o g i c a l  l y  beg in  w i t h  the most impor tan t  f a c t o r  i n  CIR 



imagery - the  crop c o l o r .  The c o l o r  tone i s  matched as l o o s e l y  as  possi- - 
b l e  t o  those p rov ided  by the c o l o r  t a b l e  and a t e n t a t i v e  i d e n t i f i c a t i o n  

es tab l  i shed. As the  env i  ronmental determinants have been consi  dered i n  

the crop ca lendar ,  t he  o n l y  o t h e r  t a b l e  necessary i n  the computer p r3 -  

cess ing i s  a  t a b l e  o f  fa rming  p r a c t i c e  f a c t o r s .  

Reso lu t ion  and a v a i l a b l e  d e t a i l  on the image w i l l  determine haw many 

fa rming  p a t t e r n  f a c t o r s  can be used. Normal ly  f i e l d  s i z e  and shape will 

be a v a i l a b l e  t o  h e l p  d i f f e r e n t i a t e  between crops. Other f a c t o r s ,  such as 

number o f  rows p e r  g iven  d i s tance  o r  w i d t h  o f  f l o o d  borders,  w i l l  p rov ide  

f u r t h e r  de l  i m i  t i n g  in fo rmat ion .  I f  sequent ia l  imagery has been ob ta ined  

and recorded f o r  the area, r e f e r r a l  t o  p rev ious  c rop  type may h e l p  t o  

determine p l a u s i b i l  i t y  o f  the t e n t a t i v e l y  i d e n t i f i e d  crop. For example, 

i n  the Imper ia l  Va l l ey ,  the c o t t o n  crop i s  n o t  p i c k e d  u n t i l  a f t e r  m i d -  

-October and s i n c e  sugar beets  must be p l a n t e d  be fo re  t h i s  date,  i t  i s  

no t  p l a u s i b l e  t h a t  sugar beets  would f o l l o w  a c o t t o n  crop. Other s i i n i l a r  

c rop r o t a t i o n s  e x i s t  and a re  a h e l p f u l  d e l i m i t e r  i n  crop i d e n t i f i c a t i o n .  

There wfF 1 u s u a l l y  be crops which the  computer i d e n t i f i c a t i o n  will 

i n d i c a t e  as two o r  t h r e e  p o s s i b i l i t i e s .  The program may be designed to 

show weighted p o s s i b i l i t i e s  w i t h  t h e  b e s t  cho ice  ind ica ted .  H o p e f u l l y ,  

few i d e n t i f i c a t i o n  problems wi 1 1  f o r c e  the  i n t e r p r e t e r  t o  g i v e  i n d i v i d u a l  

a t t e n t i o n  be fo re  a f i n a l  dec i s i on  can be made. Based upon prev ious ex- 

uei- ience w i t h  o t h e r  types o f  computer i d e n t i f i c a t i o n  systems, un i  d e n t i -  

f i e d  coops should be about 3%. 



8, Prepare F ina l  Ag r i cu l  t u r a l  Land Use Map and S t a t i s t i  cal  Data 

TWO normal ly  desi red outputs,  a s t a t i s t i c a l  map and summary, can 

b o t h  be sccompl ished by a computer. A s t a t i s t i c a l  summary p r i n t o u t  can 

be prepared i n  almost any form desired. Sect ion V l i s t s  a few such 

summaries. Computer mapping i s  n o t  q u i t e  as common, bu t  w i t h  the advent 

o f  computer graphics,-more and more map d isp lays  w i l l  be produced. Cur- 

ren t  geographical computer mapping i s  being accomplished most ly  by l i n e  

n r i n t i n g  us ing d i f f e r e n t  symbols t o  produce a form of  choropleth map 

which i s  not e n t i r e l y  s a t i s f a c t o r y  f o r  land use mapping. With the a i d  

of computer a u x i l i a r y  equipment such as the  Calcomp P l o t t e r ,  a regu la r  

out1 ine map can be prepared w i  t h  the land use code i nd i ca ted  i n  each 

f i e l d ,  

A compromise between a completely computer prepared map and a com- 

a4e"cely 'nand drawn map, i s  t o  have the computer p l o t t i n g  paper produced 

b j i  t h  the out1 i ne  base map as a background. Using the l o c a l  l y  devised 

g r i d  system, the computer p l o t t e r  can then be i n s t r u c t e d  t o  i n s e r t  the 

a g r ; c : i B : ~  ra8 l and  use code i n  the appropr ia te  f i e l d s .  The advantage o f  

+hn b s t t e r  system i s  the ease w i t h  which a se r ies  o f  t o p i c a l  maps can be 

prepared  for  each crop type o r  crop c lass  f o r  s tudy o f  d i s t r i b u t i o n  

pa t t e rns ,  Preparat ion o f  such t o p i c a l  maps would a l so  prov ide  va luab le  

t" ,-,-or.%: t o  the image enhancement and ana lys is  equipment i nves t i ga t i ons  

~ r o v i a  i n g  t he  necessary ta rge t  pa t te rns  f o r  matching d i s t i n c t  c o l o r  pa t -  

terns of the enhancement equipment. (See Appendix D) 











a 1  7 9  A n  f i h \ n  c o c r h l c  r r ~ n p c  

n' 77'7 q b ~ ~ n  n k \ n  r p r r p $ c  r n n n c ,  I J ~ I P T F C F ~ T ~ I T T ~ , T C ~  

9 1 7 7 1  ( r T T I t r r  ( S F [  E q )  

a 1  7 2 7  r c l  r n v  ( c , , ~ l  A " )  

Q 1 7 2 2  r R F r C  ( c b (  p n )  

p l 7 ? t i   PAR^! c v  ( c 4 1  n n )  
~>i  ,735 ' - Y ~ F I F F ~ C  ~ A G P A G F  (<ill An)  
0 1 7 2 6  r y n n p  nrqn K r t r  ( r p r - F r v y )  

F ' j  7 2 7  ' f l [ JCT I \DP  G R T C h I C  

1 1  3 1 9  C n T  W A r l - I  cL?FL"\l< 

0 1  7 ? Q  c,?L_f i f? l\r\:p C n C F b l  r nnnc ,  n T v c p  rft, lr\r c F r n r h I T 7   AT^^ 









8 1 4 1  PFFF r A T T l  = ( ? T H C - R  T H A N  ? ~ T ~ Y - - T N ~ L I I ~ C C ~  ~ r r n  ! _ n ~ ~ \  
8 1 4 1 P  PFFF  r A T T L F  (OTI-{'F' T H A N  > A I R Y -  Tq \ l r L [ I q rC  C F r - n  i l i c )  



87 G Q  C.TWFR E I F F F Q F N T I f i T F Q  A N I M A L  ' P F C T A I  T T ' q  
F Q n  A p J I P / r A I  YPFcTA! T T F c .  3 T Y r R  / )TFFFDrh lT  T A T r ?  





R 7 1 7 9  G R T  > T  M T l - C T W C  SFQL T C F S  





Appendix G - 3  A g r i c u l t u r a l  Land Use Map o f  Imper ia l  Va l ley  

(This appendix w i l l  be found i n  the i n s i d e  pocket o f  the back cover) .  





Appendix D Thematic Land Use Maps o f  the Imper ia l  Va l l ey  f rom March 12, 1969 
Apol 1 o 9 Photography 

1 ,  Bar ley ,  A l f a l f a ,  and Sugar Beets 

2 ,  Bar l ey  

3 .  A l f a l f a  8 3 

4. Sugar Beets 82 

5 .  Grasses ( ~ x c l u s i v e  o f  Bar ley  and A l  fa1 f a )  
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P l a t e  2 (upper l e f t )  

Examples o f  v a r i e t i e s  o f  c rop  c o l o r s  on C I R  imagery. ( o r i g i n a l  s c a l e  ~f 

1:16,000 and r e s o l u t i o n  o f  40 cm taken w i t h  f i l t e r  combinat ion of W 15 p l u s  81~) 

The sca le ,  r e s o l u t i o n ,  and number o f  f i e l d s  a v a i l a b l e  on the same frame f o r  

comparison presents  an e x c e l l e n t  image f o r  a g r i c u l t u r a l  l and  use i n t e r p r e t a t i o n ,  ----- 
I d e n t i f i c a t i o n  Key t o  P l a t e  2. 

11  1 Bar l ey  ( o r  wheat) 
133 A l f a l f a  ( a l l  stages o f  m a t u r i t y )  
151 Cot ton J 

25 1 Can t a  loupe 
263 Tomatoes 
410 Feed L o t  ( ~ e e f  c a t t l e )  
810 Fa l low Land 
820 Plowed Land 
850 Harvest  Land ( s tubb le )  

P l a t e  3 (upper R i  ght )  

The 160 acre  a1 f a l f a  crop i n  the  cen te r  f i e l d  o f  the  p i c t u r e ,  showrr i n  

th ree  stages o f  c u t t i n g ,  i s  an example o f  C I R  image c o l o r  v a r i a t i o n  w i t h i n  t h e  

, a m  f i e l d .  The lower 3/5ths o f  t he  f i e l d  has been raked i n t o  windrows For dry- -  

i ng .  The midd le  3/10ths o f  the f i e l d  has been cu t  and i s  w a i t i n g  t o  be rakea,  

T h e  upper l / l O t h  i s  f u l l y  matured s tand ing  a l f a l f a .  

P l a t e  5 (Lower r i g h t )  1 i 
--A 

Example o f  low a l t i t u d e ,  h i gh  resolG%Ton C I R  imagery showing two d i f f e r e n t  

crop types r e f l e c t i n g  the same f a l s e  c o l o r .  Center crop i s  mature s u g a r  heetss. 

Crop i n  upper r i g h t  co rner  i s  young sorgham. 







P l a t e  6 (upper l e f t )  

Example o f  the e f f e c t  o f  h igh  r e s o l u t i o n  on C I R  imagery. The False red  

c o l o r  i n d i c a t i n g  the i n f r a r e d  re f l ec tance  o f  the vegetat ion (sugar ben ts )  is 

separated from the brownish-yel low c o l o r  o f  the dead leaves and soi l  Sac~ground,  

Photo was taken a t  2000 f o o t  a l t i t u d e  w i t h  a  6  inch foca l  length R C - 8  camera 

on May 21, 1968. (Ground reso lu t i on  approximately 10 cm.) 

P la te  7 (Upper l e f t )  

Sam sugar beet  f i e l d  as i n  p l a t e  6  showing how the fa l se  r e d  v e g e t a t i ~ n  

c o l o r  i s  i n teg ra ted  w i t h  the  brownish-yel low background c o l o r  on CIR imagery a t  

medium reso lu t i on .  Photo taken on May 2 4 ,  1968. 

P la te  8 ( ~ o w e r  l e f t )  

The e f f e c t  o f  t ime-lapse imagery i s  shown i n  t h i s  image o f  the salme s u g a r  

beet  f i e l d  as i n  p la tes  6  and 7 taken a t  medium reso lu t i on  21 days iai:e.- ( ~ u n e  

1 9 ,  1968). The f a l l o w  brown s o i l  c o l o r  ind ica tes  the f i e l d  has now been h a r -  

vested. The faded o r  cloudy appearance o f  the p r i n t  i s  due t o  smoke drifting 

under the f l i g h t  path from the burn ing o f  bar ley  s tubb le  on the day o f  t h e  

miss ion, 

P l a t e  9 ( ~ o w e r  r i g h t )  

Ground C I R  photo o f  a  mature sugar beet f i e l d  taken i n  May 1968 si>owing 

the ,.educed amount o f  i n f r a r e d  re f l ec tance  from the leaves o f  the  p l a iq t ,  Many 

leaves c..bhich appear oreen i n  normal c o l o r  show no I R  re f lec tance i n  t h i s  p i c t u r e  

and blend i n t o  the background c o l o r  o f  the so i  1. The combined c o l o r  o f  the dead 

leaves and the  bac s o i l  w i l l  i n t e g r a t e  w i t h  the I R  r e f l ec tance  t o  present  

an in teg ra ted  c o l o r  on medium reso lu t i on  imagery which appears as a l r g h t  p i n k  

compared t o  the v i v i d  red t ha t  i s  seen on the ground photo. 
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or: ~ d m h  12, 1969 by the Apsllo 9 earth orbit in- .  . " t -  ch~-~-a  

that  world wide agricuJ,-tu.-& I.i'~1d use mqp:ing can be ac~6zplishc.d fr63 SF-+~O? L > ~ ? * - C "  C y i  
i~aserh?  if su.fficient 5 prior2 infornakion is available for the ueciczl b e i  ;; r9p*cB. 
CorrcP&j.c;r. of rf.edlts ~ r i t ' r r  actt;la.L data is er*cowcging &though %he ea-ciaLC';; c: 
iden t j  ficgtio~ of cpecific c f r ~ m  the skngle inage is poor. r:e "$QDl. ? * ? s ~ i  ts C M  h.2 

part ly attributed t o  only orle image tsken Owing xid-season  en the t3-ir Ei:o~~r crc;'L 
were rczl.cci-.j.ng ap~rm-kate lg  the skme and "chedr C E i  im&ge appears -GO i-.i::4;&te 8Ck9k?  

crop t y p e  Holgever, s0.e i n c o p ~ c i t y  can be at tr ibuted to lzclr of vxi:'cr,;+-?i~?r cf 
tfie gu?)i,l@ var&t,Jiions of vL~urX wd infrared color rcflezteslce of vege-isrie:~ end 
srnro~md.ing envir~r;r?er&. Analysis of integrated color  ueriatio-s of the ve-atal-ion e.:d 
backgrom-I& envirormer~t recorded on C?R imagery is discu.ssed. 

Problems kssocia'ced w i t h  the color variations may be overcome by d e r c l o ~ ~ z a n t  of 
a semi-wL~'i;cwatic processiag system ~tibich @onsicless iadividurzl f i e l d  vai,"; s'r c:3.1@. 
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17. Kev \ : ' c i i c i  '< . ULICU'IILII~ kr a,) ' ,~;. (a). D t s c r i ; : c - s  

%aJ.?*d use, Mapping, Spaeeborne -plro"cogaphy, 'Enfsarecl photsgrayhy 




